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ABSTRACT 
 
 
Effects of Burn Injury on Biological Ethanol and Ethyl Glucuronide Concentrations 
 
 
 
 
by 
 
Trista Haupt Wright  
 
 
Alcohol is the most abused drug in the United States and most frequently performed 
assay in forensic laboratories.  Alcohol is routinely present in biological specimens from 
fatal residential fires and forensic toxicologists must interpret if these individuals are 
impaired by determination of their blood alcohol concentrations on post-incineration 
blood collected at autopsy.  There is no known data available to confirm or refute blood 
alcohol concentrations and impairment in fire-related deaths.  Ethyl glucuronide (EtG), a 
non-volatile minor ethanol metabolite, may provide a better biomarker for ethanol 
consumption prior to burn injury.  The literature does not address the possibility that 
ethanol or EtG concentrations are altered in fire deaths.   
 
A Sprague Dawley rat model was employed to determine if ethanol and EtG 
concentrations in blood, liver, heart, and kidney were altered after burn injuries using two 
incineration models with varying durations and temperatures.  Blood and tissues were 
analyzed for ethanol by gas chromatography and EtG by enzyme immunoassay.   Other 
measurements including organ weights, lower hindquarter weights, and blood glucose 
concentrations were chosen for analysis to determine the mechanism by which the blood 
and organ ethanol and EtG concentrations are altered in burnt corpses. 
 
The rodent provided an excellent model for studying the biotransformation of ethanol to 
EtG and the effects of burn injury on ethanol and EtG concentrations.  Our study revealed 
that blood ethanol concentrations were not significantly altered by burn injury but tissue 
ethanol concentrations were altered by burn injury.  EtG concentrations were found to be 
3 
 
altered in blood and tissue specimens in both incineration models.  Our data suggest that 
the change in ethanol and EtG concentrations may be correlated to higher core body 
temperatures from burn injury and not changes in organ weight. Determining if blood 
ethanol concentrations are altered in burnt corpses is important for forensic toxicologists 
to conclude if victims were impaired at the time of death. The knowledge gained from 
these experiments will help forensic toxicologists by confirming the current interpretation 
that blood ethanol concentrations are not altered in fire deaths and provide a better 
understanding for the interpretation of impairment in burn deaths. 
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CHAPTER 1 
 
INTRODUCTION 
 
 
A Brief History of Ethanol 
 
 Alcohol beverages contain ethanol which is a psychoactive drug with a depressant 
effect.  Alcohol has been present since the voyage of the Mayflower in the Western 
World (Vallee 1998). Approximately 2.23 gallons of ethanol are consumed per person 
annually in the United States by a population of age 14 and older (Garriott 2008). Ethanol 
causes loss of inhibition and central nervous system depression and the degree to which 
an individual is affected by ethanol correlates with the blood alcohol concentration 
(BAC).  Because of this direct relationship, all fifty states in the United States have 
adopted a “per se” law stipulating that drivers over 21 years of age who are at or above a 
BAC of 0.08g/dL are under the influence of alcohol. The “zero tolerance law” makes it 
illegal for drivers under the age of 21 to operate a vehicle with a BAC of 0.02g/dL or 
more (Levine 2006). Several reliable assays of BAC in living humans have been 
developed to enforce the “zero tolerance law”.  Postmortem blood collected from 
autopsies are analyzed for ethanol and blood ethanol concentrations are interpreted for 
impairment under the same guidelines as antemortem blood ethanol concentrations. 
A Brief History of Ethyl Glucuronide 
 Over a century ago Neubauer (1901) reported the presence of an ethanol 
conjugate in dog and rabbit urine. The first human urine glucuronide metabolite was 
reported in 1967 (Palmer 2009).  Knowledge and application of ethyl glucuronide (EtG) 
has increased over the last decade due to availability of more sensitive technology for 
detection.  Applications for the detection of EtG in biological specimens include 
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abstinence programs, workplace testing, pregnancy, and drinking behavior studies. 
Currently, the application of EtG testing in forensic biological specimens is minimal. 
Consequently, an objective of our research is to find out if the determination of EtG in 
biological fluids is useful in toxicological interpretation of fire deaths.   
Ethanol Metabolism and Ethyl Glucuronide 
 Biotransformation of consumed ethanol begins when approximately 95% of the 
ethanol in an alcoholic beverage is metabolized through an oxidative pathway in the liver. 
Ethanol is metabolized by alcohol dehydrogenase to aldehyde which is then converted to 
acetate by aldehyde dehydrogenase and finally enters the Kreb’s Cycle as acetyl-CoA 
(Pawan 1972; Garriott 2008). Carbon dioxide and water via the Krebs cycle are the final 
metabolic products.  Other minor oxidative metabolic pathways, including catalase and 
Cytochrome P450 2E1, are activated after the major oxidative pathway is saturated 
(Garriott 2008).  The Cytochrome P450 2E1 enzyme located in the liver is responsible for 
eliminating ethanol when ethanol concentrations reach approximately 1g/L or greater 
(Lieber 1999). 
 EtG is a non-oxidative, non-volatile metabolite of ethanol produced de novo in the 
human body.  The presence of EtG in biological fluids confirms the absorption and 
metabolism of ethanol.  EtG is metabolized in the liver by conjugating ethanol with UDP-
glucuronic acid and accounts for only 0.1-0.5% of the total metabolized ethanol (Palmer, 
2009).  EtG concentrations were decreased in urine specimens containing Escherichia 
coli and Clostridium soredllii at room temperature for 48 hours (Barabowski et al. 2008).  
Degradation of EtG by microorganisms is preventable by air tight containers, sodium 
fluoride, and storage at 4ºF (Kugelberg and Jones 2007; Barabowski et al. 2008).   Proper 
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storage of EtG specimens is just one precaution taken by toxicologist to validate and 
interpret the presence of EtG. There are several limitations to interpretation of EtG 
concentrations such as appropriate cutoffs to differentiate ingestion of ethanol from the 
dermal use of alcohol containing antiseptics as well as the inability to extrapolate alcohol 
impairment from a positive EtG result.  Positive EtG results cannot be used to predict 
alcohol impairment due to biological variation in EtG’s metabolic production between 
subjects, EtG’s prolonged excretion time, and the fact that EtG is not a psychoactive 
metabolite.  Use of antibacterial hand sanitizer and mouth wash containing alcohol can 
result in production and excretion of EtG in biological fluids.  Based on published 
literature an appropriate limit of quantitation of 50 ng/mL for EtG in urine would exclude 
most individuals using those products (Constantio et al 2006; Rohrig et al. 2006).  The 
presence and quantity of EtG in biological specimens can provide additional information 
regarding an individual’s drinking behavior.  
Assays and Specimens of Interest 
Gas Chromatography (GC) 
 GC has the ability to separate compounds using a stationary phase and as 
compounds elutes from the column, they produce a signal via a detector.  Compounds of 
interest are volatized and introduced to the column by the mobile phase, nitrogen.  
Separation of analytes is dependent on the interaction with the theoretical plates and 
time-temperature program used by the GC.  A flame-ionization detector is used to detect 
the carbon from the analytes as it exits the column and is widely applicable for volatile 
organic compounds like ethanol.   
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Enzyme-Multiplied Immunoassay Technique (EMIT) 
 EMIT is a commonly used assay to screen drugs  in various biological specimens 
and employs competitive binding between drug in the specimen and drug labeled with 
enzyme glucose-6-phosphate dehydrogenase (G6PD) for antibody binding sites.  G6PD 
label is attached to drug in the assay and is used to oxidize glucose-6-phosphate to 
gluconolactone.  The cofactor nicotinamide adenine dinucleotide (NAD) is reduced to 
NADH and is converted when G6PD is unobstructed.  A spectrophotometer measures 
absorbance from NADH at a wavelength of 340 nm.  EtG immunochemistry technology 
only requires 250 µL of blood and 30 to 100 µL of other biological specimens, whereas 
several milliliters of specimen are needed for gas chromatography mass spectrometry.  
Due to the volume limitations of the rodent model, the immunochemistry assay provided 
a method of analysis for the determination of EtG in smaller sample sizes. 
Fire Deaths in America 
 Fire and burn deaths are the fifth most common cause of unintentional injury 
deaths in the United States and the third leading cause of fatal home injury (Web-based 
2005).  A review of 331 medical examiner studies published between 1975 and 1995 on 
nontraffic fatalities estimated that alcohol contributed to 40% of residential fire deaths 
(Smith et al. 1999).  The National Fire Data Center of the U.S. Fire Administration 
(USFA) in 2006 reported that the average response time by local fire departments was 5 
minutes for 50% of residential fires (Fire 2006). The causes of fire deaths are either due 
to production of a lethal oxygen-free atmosphere or concentrations of toxic gases such as 
carbon monoxide, hydrogen cyanide, and carbon dioxide (Gormsen et al. 1984).  
According to fire experimentation performed by the National Institute of Standards and 
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Technology (NIST), the temperature inside a residential home can reach temperatures of 
up to 1300⁰F (Putorti 2000). These temperatures were recorded in the dining and living 
room of a two story, wood frame single family home.  The fire was ignited with a 40:1 
mixture of regular unleaded gasoline and two-cycle engine oil. The dining and living 
room temperatures spiked to 1100-1300⁰F then remained constant at 900-1000⁰F.  These 
findings along with the average response time to a fire were used to create an accurate 
burn injury representation of residential fire deaths in our rodent model.  
Standardization of Burn Injury 
 Specimen integrity and volume are affected by the degree of burn injury and are 
limiting factors in the toxicological analysis of specimens collected at autopsy in 
extensive burn deaths.  The Crow-Glassman Scale (CGS) was developed to standardize 
the extent of burn injury of human bodies involved to fire deaths (Glassman and Crow 
1996).  The CGS levels represent burn descriptions divided into 5 different grades, each 
describing the progression of destruction of the body from burn injury. The following 
table offers burn injury descriptions based on the CGS model.  
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Table 1.1. Description of CGS levels and Modified CGS levels 
CGS 
level 
Definition of a Human Corpse Blood Integrity 
Human/Rat  
Definition of a Rat Corpse 
1 Recognizable body with blistering of 
the epidermis and singeing of the head 
and facial hair. 
Intact/Intact Scorch hair, some burning on 
paws, tail, and ears. 
2 Varying degrees of charring  
Absence of extremities like hands, 
feet, genitalia, and ears. 
Intact/Intact More scorched hair and some 
loss of epidermal integrity, loss 
of whiskers and ears, more 
burns on paws and tail. 
3 Missing portions of arms and/or legs 
with head present, but 
nonrecognizable. 
Questionable/ 
Intact 
Missing portions of paws and 
tail with increasing epidermal 
damage. 
4 Fragmentation and absence of the 
skull with portion of arms and/or legs 
remaining. 
Questionable/ 
Questionable 
Fragmentation and absence of 
the skull with arms and/or legs 
lost 
5 Cremation with little or no tissue. Loss of 
specimen/Loss of 
specimen 
Cremation with little or no 
tissue 
 
The involvement of forensic toxicologists in a fire death is limited to the type, volume, 
and integrity of specimens collected at autopsy.  Percentage of burn and depth of burn are 
other related burn injury factors commonly used to determine the degree of burn injury; 
however, the CGS is a standardized visual assessment that can be easily determined while 
viewing a burnt corpse. Our research will utilize a modified CGS for rodents in two 
incineration models to gauge the integrity of blood and tissues specimens and the extent 
of burn injury.  To mimic the response time, dwelling temperatures, and degree and type 
of fire death, two models were incorporated using a fire pit and a gas grill.  The models 
were designed to determine if any difference in concentrations maybe due to flame and/or 
heat and duration.  
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Specific Aims of this Study 
 Hypothesis: An increased body core temperature and loss of integrity of a corpse 
from burn injury may change pre-incineration ethanol and ethyl glucuronide 
concentrations in postmortem specimens collected in a fire death. 
The hypothesis will be addressed by the following specific aims: 
1. To develop burn injury models and scales to test varying degrees of temperatures and 
durations. 
2. To determine if a rodent model is suitable for burn experiments and the degree of burn 
injuries compared to human burn injury. 
3. To determine EtG pharmacokinetics using the rodent model and compare to published 
human EtG pharmacokinetics. 
4. To determine if blood and tissue ethanol and EtG concentrations are altered when a 
corpse is subjected to thermal incineration burn injury from a residential fire using a gas 
grill with varying temperatures and time duration and a rodent model. 
5. To determine if blood and tissue ethanol and EtG concentrations are altered when 
corpses are exposed to flame incineration burn injury from a residential fire using a 
rodent model and fire pit with varying time durations. 
6. Determine the mechanism by which the blood ethanol and EtG concentrations are 
altered in corpses exposed to excessive thermal and flame incineration burn injury of 
residential fires. This aim will compare pre and post-incineration blood glucose 
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concentrations and organ weights to determine possible changes in fluid concentration 
and/or volumes that may explain changes in ethanol and EtG concentrations. 
The impairment of a deceased individual is determined by toxicological analysis 
of blood collected at autopsy.  Falsely elevated or reduced blood ethanol concentrations 
could cause misinterpretation of one’s degree of impairment thus potentially rendering an 
inaccurate cause of death.  There is a high frequency of deaths involving alcohol and fire 
and accurately determining if blood ethanol concentrations are altered by burn injury is a 
concern that is not addressed in the literature.  Due to the volatile properties of ethanol 
and the availability of more sensitive detection, the minor ethanol metabolite, EtG, may 
be a better indicator of ethanol consumption prior to death in fire victims.  The rodent 
model provides an alternative experimental design that can be manipulated to reflect burn 
injuries from a residential house fire and examine the effects of burn injury on biological 
analyte specimen concentration in a controlled environment.   
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CHAPTER 2 
 
Biotransformation of Ethanol to Ethyl Glucuronide in a Rat Model after a Single High 
Oral Dosage 
 
Trista H. Wright1 and Kenneth E. Ferslew1.   
1 Section of Toxicology, East Tennessee State University, Johnson City, TN, 37614.  
*Corresponding author. Tel.: 423-439-6424; fax: 423-439-8413  
Email address:ztmh25@imail.etsu.edu (T. Wright) 
 
*
 Wright TH, Ferslew KE. The biotransformation of ethanol to ethyl glucuronide in 
 sprague dawley rat model after a single oral dosage. Alcohol. 2012; 46:159-64. 
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ABSTRACT 
Ethyl glucuronide (EtG) is a minor ethanol metabolite that confirms the absorption and 
metabolism of ethanol after oral or dermal exposure. Human data suggest maximum 
blood EtG (BEtG) concentrations are reached between 3.5 - 5.5 hours post ethanol 
administration (Hoiseth et al, 2007). This study was undertaken to determine if the 
Sprague Dawley (SD) rat biotransforms ethanol to EtG after a single high oral dose of 
ethanol. SD rats (male, n=6) were gavaged with a single ethanol dose (4g/kg) and urine 
was collected for 3 hours in metabolic cages, followed by euthanization and collection of 
heart blood.  Blood and urine were analyzed for ethanol and EtG by gas chromatography 
and enzyme immunoassay.  Blood and urine ethanol concentrations were 195 ± 23 and 
218 ± 19 mg/dL while blood and urine EtG concentrations (BEtG, UEtG) were 1363 ± 98 
ng equivalents/mL and 210 ± 0.29 mg equivalents/dL (   . 
Sixty-six, male, SD rats were gavaged ethanol (4 g/kg) and placed in metabolic cages to 
determine the extent and duration of ethanol to EtG biotransformation and urinary 
excretion.  Blood and urine were collected up to 24 hours post administration for ethanol 
and EtG analysis.  Maximum blood ethanol, urine ethanol, and UEtG were reached 
within 4 hours while maximum BEtG was reached 6 hours post administration. 
Maximum concentrations were: blood ethanol, 213 ± 20 mg/dL; urine ethanol, 308 ± 34 
mg/dL; BEtG, 2683 ± 145 ng equivalents/mL; UEtG, 1.2 ± 0.06 mg equivalents/mL 
(   .  Areas under the concentration-time curve were: blood ethanol, 1578 
hr*mg/dL; urine ethanol, 3096 hr*mg/dL; BEtG, 18,284 hr*ng equivalents/mL; UEtG, 
850 hr*mg equivalents/dL.  Blood ethanol and BEtG were reduced to below limits of 
detection (LOD) within 12 and 18 hours post ethanol administration.  Urine ethanol’s 
were below LOD at 18 hours, but UEtG was still detectable at 24 hours post 
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administration.  Our data prove that the SD rat biotransforms ethanol to EtG and excretes 
both in the urine and suggests it is similar to that of the human.  
Keywords: Ethyl glurcuronide; Rat model; Pharmacokinetics parameters; Single high oral 
ethanol dose 
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INTRODUCTION 
 
Ethyl glucuronide (EtG) is a non-volatile, non-oxidative metabolite of ethanol not 
produced de novo in the human body.  Ethanol is metabolized approximately 95% by 
hepatic oxidation to acetaldehyde and acetic acid (Garriott et al., 2008; Lieber, 1999; 
Palmer, 2009). A small fraction (<0.1%) undergoes non-oxidative metabolism to produce 
EtG and ethyl sulfate (Figure 2.1).   
 
 Figure 2.1. Ethanol Metabolism Scheme (Garriott, 2008) 
CH3CH2OH, ethanol; CH3CHO, acetaldehyde; CH3COOH, acetic acid 
EtG was first reported by Kamil et al. (1952) in rabbit urine, and by numerous other 
investigators in human blood and urine (Besserer & Schmidt, 1983; Hoiseth et al., 2007; 
Jaakonmaki et al., 1967, Schmitt et al., 1995).  Nicohlas (2006) and Kharbouche (2010) 
have demonstrated EtG distribution in various rodent tissues following ethanol oral 
administration. Knowledge and application of EtG has increased over the last decade due 
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to the availability of more sensitive methodologies for detection. Application of the 
detection of EtG in biological specimens includes abstinence programs, workplace 
testing, pregnancy, and drinking behavior studies.  To date there has been minimal 
knowledge about the formation, distribution, and excretion of EtG in animal models, 
specifically SD rats at a high oral dosage.  
EtG is detectable in human blood and urine longer than ethanol, post administration of 
ethanol.  Ethanol determination in biological specimens has a short window of a few 
hours post administration for detection.  Hoiseth et al. (2007) concluded that EtG 
concentrations in blood (BEtG) peaked approximately 4 hours (peak range between 3.5 
and 5.5) after ethanol ingestion when male subjects ingested a single moderate dose of 
ethanol (0.5g/kg) in a fasted state.  It has been postulated that a BEt:BEtG ratio (BEt, 
blood ethanol; ethanol in g/L, EtG in mg/L) of >1 indicates that the alcohol had been 
ingested within 3.5 hours before sampling, and a ratio of <1 suggests that alcohol had 
been ingested more than 2.5 hours before sampling (Hoiseth el al., 2007).   
EtG is a specific biomarker of ethanol exposure including oral ingestion or dermal 
absorption (Constantino et al., 2006; Rohrig et al., 2006).  There are several limitations to 
interpretation of EtG concentrations such as the appropriate cutoff to differentiate dermal 
exposure of alcohol containing antiseptics from oral ingestion of ethanol, as well as 
extrapolation of a potential period of alcohol impairment from a positive EtG result.  
Since EtG is not psychoactive, positive EtG results cannot currently be used to predict 
when alcohol impairment occurs following administration due to biological variability 
between subjects and EtG’s prolonged excretion time.   
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Several sensitive methodologies have been developed to detect EtG in biological matrices 
including gas chromatography mass spectrometry, liquid chromatography mass 
spectrometry, and enzyme immunoassay.  Advantages of the enzyme immunoassay are 
the minimal specimen required for analysis, the low limit of detection of EtG in 
biological specimens (e.g. blood and urine), the ease and quick time of analysis, and thus 
reduced cost.  
 Our aim was to determine if ethanol is biotransformed to EtG in the SD rat after 
oral administration of a single high ethanol dose.  A 4 g/kg ethanol dose was selected to 
mimic a more forensically significant scenario in the rat model producing a potential 
maximum blood ethanol concentration in the range of 200 mg/dL.  This high dose and 
resulting concentrations would also allow for ready detection of ethanol and EtG 
concentrations in minimal volume specimens collected in the rat model. If the SD rat 
produces EtG then the goal was to determine the degree of production and excretion of 
detectable EtG in blood and urine (UEtG) after a forensically significant single high 
ethanol dose.   
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MATERIAL AND METHODS 
 
Study protocols: Male SD rats (Harlan, Dublin, VA) weighing between 225-249 grams 
were chosen for all experiments. This was the minimal body size needed for collection of 
adequate blood and urine specimens for ethanol and EtG analysis.  All experimental 
protocols were approved by the East Tennessee State University Animal Care 
Committee.  
Chemicals and reagents: Absolute ethyl alcohol (Florida Distillers Co., Lake Alfred, FL) 
was used for oral gavage of the rats.  Analytical standards of ethanol, methanol, 
isopropanol, acetone, and 1-propanol were obtained from Aldrich Chemical Co. (98 to 
99% purity). A volatile calibration standard of methanol, ethanol, acetone, and 
isopropanol was prepared using 1-propanol (internal standard) between the 
concentrations of 20 and 200 mg/dL (Manno et al., 1978). 
Enzyme immunoassay calibration standards (0, 100, 500, 1000, and 2000 ng/mL) 
(catalog nos: 10011207, 10011208, 10011210, 10011212, 10011213) and quality controls 
(375 and 625 ng/mL) (catalog nos: 10012135, 10012136) of EtG were obtained from 
Microgenics Corp., Thermo Fisher Scientific (Fremont, CA).   
Instrumentation: Chromatographic separation was performed on a Perkin Elmer Clarus 
500 Gas Chromatograph (Waltham, MA) equipped with an autosampler using a 5 µL 
syringe with a 1 µL injection(catalog no: 001954, SGE Analytical Science, Austin, TX); 
a 4 mm internal diameter spilter liner (@235ºC) (catalog no: 20833, Restek, Bellefonte, 
PA); a 30 meter, 0.32 mm internal diameter, 1.80 µm film thickness Restek Rtx-BAC 1 
(catalog no: 18003, Bellefonte, PA) capillary column and a 10 meter guard column 
(catalog no: 10049, Restek) using a time temperature program of 50-150ºC at 25ºC/min; 
30 
 
a flame ionization detector (@240ºC); and helium as a carrier gas (@ 3 mL/min).   
Retention times for ethanol and 1-propanol were 2.07 and 2.55 minutes.  Methanol, 
isopropanol, or acetone did not interfere with the separation and quantitation of ethanol. 
TurboChrom software (Perkin Elmer, Waltham, MA) was used to analyze 
chromatograms for identification and quantification of ethanol.   
Enzyme immunoassayfor EtG were performed on a Siemens Viva-E analyzer (Deerfield, 
IL) using parameters obtained from Microgenics Corp (Fremont, CA). Aliquots (250 µL) 
of whole rat blood were extracted using 1.5 mL of acetone using a protocol obtained from 
Microgenics Corp (Chemistry). Acetone was placed in concentration vials, evaporated, 
and then the residue was reconstituted with 250 µL of phosphate buffer, pH 6.5.  Urine 
EtG concentrations were determined by direct analysis of the specimens.  Concentrations 
greater than 2000 ng/mL were serial diluted with buffer to fit within the linear range of 
500-2000 ng/mL. Limit of detection (LOD) for BEtG and UEtG were determined to be 
50 and 20 ng/mL. 
Calculations and Statistics: Linear regression for the standard curve of ethanol 
concentrations versus peak area and EtG concentrations versus absorbance were 
calculated by computer programs for quantification (TotalChrom, Perkin Elmer, 
Waltham, MA; Viva-E Software, Siemens, Deerfield, IL).  Descriptive statistics of blood 
and urine ethanol and EtG concentrations were calculated using Microsoft Excel 
(Redmond, WA) and GraphPad Prism 5 (La Jolla, CA). 
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Experimentation  
Single Dose Experiment 
All animals were fasted overnight before ethanol gavage and remained fasted throughout 
the entire experiment. SD rats (male, n=6) were gavaged (4g/kg) with ethanol, five 
minutes apart, then placed in metabolic cages for 3 hours prior to euthanization by carbon 
dioxide.  Urine was collected in flacon tubes (catalog no: 334940, NuncTM, Napersville, 
IL) for the duration of 3 hours. Postmortem heart blood was collected after euthanization 
with a 3 mL syringe containing heparin anticoagulant (catalog no: H19, Fisher Scientific, 
Waltham, PA) then stored in sodium fluoride vacutainer tubes (catalog no: 02-688-47, 
Fisher Scientific, Waltham, PA).  Postmortem urine was collected by a bladder stick and 
stored in Eppendorf tubes (catalog no: 05-408-130, Fisher Scientific, Waltham, PA).  
Concentration-Time Profile Experiment 
All animals were fasted overnight before ethanol gavage and remained fasted throughout 
the entire experiment. Sixty-six male rats were orally administered 4 g/kg of ethanol then 
placed in metabolic cages until euthanization at one of the following time points: 0.25, 
0.50, 1, 2, 3, 4, 6, 9, 12, 18, or 24 hours post administration of ethanol.  Urine was 
collected from time of administration of ethanol to euthanization up to 12 hours post 
ethanol administration.  Urine was also collected from 16-18 and 18-24 hours in 18 and 
24 hour rats to determine the duration of elimination of ethanol and EtG in urine. Upon 
euthanization, heart blood was collected as previously described. Blood and urine 
specimens were analyzed for ethanol and EtG by the respective methodologies.   
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RESULTS 
 
Single Dose Experiment 
Descriptive statistics of the ethanol and EtG blood and urine concentrations following 
gavage of a single ethanol dose (4g/kg) are shown in Table 2.1. Blood was collected at 3 
hours post ethanol administration and urine was collected from dosage to euthanization at 
3 hours post administration.  
Table 2.1. Ethanol and EtG blood and urine concentrations following  
gavage of a single ethanol dose (4 g/kg) 
      
Rat ID  BEt  UEt  BEtG     UEtG 
1  128  189    1890     80  
2  229  214    1229     140    
3  195  188    1342     280    
4  309  327    1084     270     
5  172  189    1197     270 
6  135  202    1435     240 
 Average 195    218    1363     210 
  
 SEM  23    19    98  290 
 
 Range  128-309  188-327 1084-1890   80-280 
 
BEt, blood ethanol concentration; UEt, urine ethanol concentration;  
BEtG, blood EtG concentration; UEtG, urine EtG concentration. BEt,  
UEt, mg/dL; BEtG, ng equivalents/mL; UEtG, mg equivalents/dL.  
Blood was collected at 3 hours post ethanol administration and urine was  
collected from dosage to euthanization at 3 hours post administration.  
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Concentration-Time Profile Experiment 
Blood ethanol and urine ethanol concentration-time profiles (means ± SEM) following a 
single oral ethanol dose (4 g/kg) are given in Figure 2.2. Urine was collected from the 
time of gavage of ethanol up to the time of collection through 12 hours post ethanol 
gavage.  The 18 and 24 hour urine were collected from 16 to 18 hours and 18 to 24 hours 
post ethanol gavage, respectively.  
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Figure 2.2. Blood ethanol and urine ethanol concentration-time profiles (means ± SEM) 
after a single oral ethanol dose (4g/kg).  Urine was collected from the time of gavage of 
ethanol up to the time of collection through 12 hours post ethanol gavage.  The 18 and 24 
hour urine were collected from 16 to 18 hours and 18 to 24 hours post ethanol gavage, 
respectively. 
 
BEtG and UEtG concentration-time profiles (mean ± SEM) are given in Figure 2.3. Urine 
was collected from time of administration of ethanol to collection up to 12 hours post 
ethanol administration. The 18 and 24 hour urines were collected from 16-18 and 18-24 
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hours.  Urine EtG concentrations are depicted in Figure 2.4 to express the extent of 
urinary EtG excretion following the oral administration of ethanol (4 g/kg).  Blood 
ethanol, urine ethanol, BEtG, and UEtG (means ±SEM) for each time point, calculated 
pharmacokinetic parameters, and blood Et: EtG ratios (Et, ethanol; Et, g/L; EtG, mg/L) 
for each time point after a single oral dose of ethanol (4g/kg) are given in Table 2.2.  
 
Figure 2.3. BEtG and UEtG concentration for concentration-time profiles (means ± SEM) after a single 
oral ethanol dose (4g/kg). Urine was collected from the time of gavage of ethanol up to the time of 
collection through 12 hours post ethanol gavage.  The 18 and 24 hour urine were collected from 16 to 18 
hours and 18 to 24 hours post ethanol gavage, respectively.  
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Figure 2.4. Urine EtG concentrations following oral administration of ethanol (4 g/kg) (means ± SEM). 
Urine was collected from the time of gavage of ethanol up to the time of collection through 12 hours 
post ethanol gavage.  The 18 and 24 hour urine were collected from 16 to 18 hours and 18 to 24 hours 
post ethanol gavage, respectively.  
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Table 2.2. Pharmacokinetic Parameters for Ethanol and EtG Concentration-time Data 
 
Times (hr) BEt  UEt  BEtG  UEtG       BEt:BEtG Ratio1 
      
0.25  109 (14) 110 (NA) 253 (40) 3 (NA)  4.3 
0.50  146 (14) 139 (17) 248 (10) 6 (0.86) 5.9 
1  141 (16) 182 (12) 537 (83) 9 (18)  3.3 
2  199 (23) 187 (25) 770 (100) 50 (20) 2.6 
3  209 (19) 188 (9) 1668 (171) 3 (14)  1.2 
4  213(19) 308 (23) 921 (145) 120 (86) 2.3 
6  208 (30) 234 (26) 2683 (331) 19 (6)  0.8 
9      9 (6) 156 (30) 1259 (152) 86 (26) 0.07 
12    29 (13) 229 (19) 764 (208) 39 (9)  0.38 
18      0 (0) < 1 (0)  0 (0.67) 12 (4)  NC 
24      0 (0) 2 (2)  2 (0.94) 7 (1)  NC 
Tmax2    4 (2-6)  4  6  4 
Cmax3    213  308  2683  120 
AUC4      1578  3096  18,284  850   
Vd5     0.17  --  --  -- 
 
 
.  Et, ethanol; BEt and UEt: mg/dL; BEtG: ng equivalents/mL; UEtG: mg equivalents/dL. (means 
 ±SEM). NA, not applicable; NC, not calculated, Ethanol=0 but detectable EtG.Urine was 
 collected from the time of gavage of ethanol up to the time of collection through 12 hours post 
 ethanol gavage.  The 18 and 24 hour urine were collected from 16 to 18 hours and 18 to 24 hours 
 post ethanol gavage, respectively.  
 
1 BEt:BEtG ratio in g/L:mg/L.   
 
2 Tmax (hrs) (range) range was calculated using the variation of the mean. 
 
3 Cmax units are represented in terms of the stated units per component 
 
4 AUC:BEt and UEtG, hr*mg/dL; BEtG, hr*ng equivalents/mL, UEtG, hr*mg equivalents/dL 
5 BEt: L/kg 
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DISCUSSION 
 
The detection of EtG in human blood, urine, hair, and other specimens following ethanol 
exposure has been established but to date the biotransformation and disposition of EtG 
from ethanol in a rat model was unknown.  Previous publications (Kamil et al., 1952; 
Jaakonmaki et al., 1967) acknowledged EtG production from ethanol in other species 
(e.g., rabbits) and even discussed the possibility that rats would produce EtG after the 
administration of ethanol, but no actual experiments were conducted and no data was 
collected proving the biotransformation. Due to increased sensitivity in methodologies, it 
is now possible to detect ethanol and EtG in biological specimens of very small volumes.  
The advantages of enzyme immunoassay for EtG are the decreased specimen volume 
needed for analysis (250 µL), ease of EtG extraction from biological matrices, no need 
for derivatization, and a short analysis time.   
 From a human pharmacokinetic study performed by Hoiseth et al. (2007), he 
concluded that blood EtG peaked between 3.5 and 5.5 hours after ethanol administration.  
As a beginning point in our research, we used this time range to help determine if rats 
metabolize ethanol to EtG after a single oral ethanol dose.  Rats gavaged ethanol at a 
dose of 4 g/kg and euthanized 3 hours post ethanol administration for collection of 
specimens did produce detectable amounts of EtG in heart blood and urine.  Our blood 
ethanol and urine ethanol concentrations were comparable to published data by Livy 
(2003) and Cox (1992).   
 To further define the biotransformation of ethanol to EtG, we undertook a second 
study to generate concentration time profiles of ethanol to EtG blood concentrations as 
well as measuring urinary ethanol and EtG concentrations in order to determine the 
39 
 
extent of EtG’s production and excretion in a SD rat model.  Maximum BEtG 
concentrations were reached at 6 hours post gavage of ethanol in the SD rat which was 
comparable to the study performed by Hoiseth et al. (2007) who determined that human 
BEtG peaked at 4 hours post administration of ethanol ingestion with a range of 3.5 - 5.5 
hours after a small 0.5 g/kg single oral dose. We dosed rats at a higher oral dose (4 g/kg) 
compared to Hoiseth’s study to achieve toxicologically significant blood ethanol 
concentrations (~ 200 mg/dL) and ensure that we could detect EtG production in the rat 
specimens.  Previous studies suggest differences in absorption and metabolism of ethanol 
after different alcohol concentrations.  Roine (1991) dosed 5 fasted humans with varying 
alcohol concentrations (4%, 16%, 40% w/v) and determined that differing alcohol 
concentrations did not affect the area under the curve or the time and concentration when 
maximum blood ethanol was reached.  In contrast, Roine did determine that fasted rats 
administered 40% ethanol intragastrically did produce a mean AUC that was lower than 
two ethanol concentrations (4% and 16% w/v).  Due to gastric volume limitations of the 
rats, oral dosing with absolute ethanol was necessary to reach a high ethanol 
concentration (~200 mg/dL).  We did not observe a decrease in blood alcohol 
concentration using absolute ethanol observed by Roine and Wilkinson (1977).  Franke 
(2004) determined that alcoholic beverages slow gastric emptying time compared to 
water and that 10%, 40% (w/v), red wine, and whiskey beverages increase gastric 
emptying time compared to lower alcoholic beverages (4%(w/v)).  We believe that the 
delay in maximum ethanol concentration, compared to other studies with lower ethanol 
percentage solutions, is due to the extended time needed by the rat to absorb the bolus 
ethanol dose. Blood ethanol and BEtG in the Hoiseth study reached a maximum 
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concentration of 50 mg/dL and 300 ng/mL compared to our rat data which reached a 
maximum Blood ethanol and BEtG of 213 mg/dL and 2683 ng equivalents/mL.  
Interspecies differences in UDP-glucuronosyl transferase activity does not exist between 
pigs, cattle, goat, rats, and humans (Kardon, 2000; Sivapathasundaram, 2003;Szotáková, 
2004). The differences in the time needed to reach the maximum ethanol and EtG 
concentrations in our rats and the magnitude of those concentrations compared to those of 
the humans in Hoseith’s study appear to be related to the ethanol dose administered.  The 
Tmax ranged from 2 to 6 hours due to the variation in blood ethanol concentrations 
between animals and time of data collection thus our Tmax window is within documented 
ranges in the literature.  Further research is needed in the rat and human to determine the 
extent of and pharmacokinetic parameters for biotransformation of ethanol to EtG at 
different dosages of ethanol. 
 BEtG was detectable for up to 18 hours post ethanol administration in the rat 
compared to blood ethanol which was below the limit of quantitation by 9 hours after 
gavage of ethanol.  Maximum UEtG concentrations in the SD rat were obtained at 4 
hours and were detectable to at least 24 hours post administration of ethanol.  The AUCs 
were determined to be 1578 hr*mg/dL and 18,284 hr*ng equivalents/mL for blood 
ethanol and BEtG. The volumes of distribution (VdAUC) were determined to be 0.17 L/kg 
for blood ethanol compared to human data of ethanol Vd of 0.43-0.59 L/kg (Baselt, 2008).  
As previously documented, UEtG was detectable longer than blood ethanol, urine 
ethanol, and BEtG.  The longer period of detection for BEtG and UEtG compared to 
blood and urine ethanol in the rat is similar to that of humans and in both species EtG can 
be a valuable biomarker for ethanol exposure and/or ingestion.   
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Hoiseth et al. concluded in their EtG human pharmacokinetic study that a blood Et:EtG 
ratio (Et, ethanol; Et in g/L: EtG in mg/L) of >1 indicated that the alcohol had been 
ingested within 3.5 hours prior to blood sampling and a ratio <1 suggested that alcohol 
had been ingested more than 2.5 hours before sampling of the blood. In our data, a rat 
blood Et:EtG ratio of < 1 was not reached until 6 hours post ethanol administration to 
compared 3.5 hours as determined by Hoiseth in his human data (Table 3).  Our larger 
ethanol dose had an increased absorption time and produced larger ethanol and EtG 
concentrations compared to Hoiseth’s study.  Based on Hoiseth’s human data and our rat 
data, the interpretation of Et:EtG ratio from the time of sampling to the time of ethanol 
dosage is dependent on the ethanol dose.  Our pharmacological relationship of Et:EtG 
ratio to ethanol dose was prolonged due to the increased absorption time for a larger 
ethanol dose thus extending the biotransformation of ethanol to EtG. Therefore, the time 
needed from ethanol dosage to the point of blood collection where the conversion of the 
Et:EtG ratio goes from > 1 to < 1 is delayed. Further research is needed to define the 
relationship of dose to Et:EtG ratio.   
 We chose to investigate EtG production in a rat SD model due to the suspicion 
that the SD rat would produce EtG after oral ethanol administration.  Once ethanol 
biotransformation and elimination are defined in the SD rat it can be used as an 
experimental model for further toxicological study. The rat is an excellent research model 
due to ease of handling, gavaging, and specimen collection. The limitations of specimen 
collection volumes in this species can be overcome with the minimal 20 and 250 µL 
specimen volume sizes required needed for ethanol gas chromatographic analysis and 
EtG immunoassay. The SD rat model has shown that the biotransformation of ethanol to 
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EtG after a single oral dose is similar to that of a human and may prove to be an 
alternative model in the development of EtG applications.  
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ABSTRACT 
Ethyl glucuronide (EtG) is a minor ethanol metabolite that confirms the absorption and 
metabolism of ethanol after oral or dermal exposure. Human data suggests maximum 
blood EtG (BEtG) concentrations are reached between 3.5 and 5.5 hours post oral ethanol 
administration.  Keten et al. (2009) determined that vitreous humor EtG (VHEtG) was 
detectable in 19 postmortem cases by liquid chromatography-mass spectrometry and that 
there may be a relationship between VHEtG and urine EtG (UEtG) concentrations.  Our 
study was undertaken to determine if EtG is detectable in the VH of the Sprague Dawley 
(SD) rat, as well as, the onset and magnitude of VHEtG detection after a single high oral 
ethanol dose.  Blood, urine, and viterous were analyzed for ethanol by gas 
chromatography and EtG by enzyme immunoassay.   
 Thirty male SD rats were gavaged with ethanol (4g/kg) to determine the onset and 
magnitude of EtG distribution into vitreous and the extent of ethanol to EtG 
biotransformation and urinary excretion. The frequency of positive VHEtG 
concentrations in rats increased as ethanol was biotransformed to EtG after an ethanol 
dose, resulting in positive VHEtG concentrations in 2 of 6 after 1 hour, 4 of 6 after 2 
hours and 6 of 6 after 3 hours.  Maximum blood ethanol (BAC), urine ethanol (UAC), 
and vitreous humor ethanol (VHAC) concentrations were reached at 2 hours while 
maximum BEtG, UEtG, and VHEtG were reached after 6, 4, and 3 hours.  BAC, UAC, 
and VHAC concentrations were 243±18, 255±44, and 250±30 mg/dL while BEtG, UEtG, 
and VHEtG concentrations were 1038±344, and 774±251 ng equivalents/mL, and 80±18 
mg equivalents/dL (X±SEM).  We analyzed 25 autopsy cases for ethanol and EtG. Our 
autopsy and rodent data were then compared with Keten’s data to determine if there was 
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a relationship between EtG concentrations and consequently the ability to predict EtG 
concentrations in unavailable postmortem specimens. Our data corroborates previous 
blood and urine EtG pharmacokinetic studies and has shown the SD rat to be a viable 
investigative model for postmortem toxicology of EtG. 
Keywords: Vitreous, Ethyl glucuronide, Rat, Postmortem, Ethanol 
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INTRODUCTION 
Ethyl glucuronide (EtG) is a non-volatile, non-oxidative metabolite of ethanol not 
produced de novo in the human body.  Ethanol is metabolized approximately 95% by 
hepatic oxidation to acetaldehyde and acetic acid (Garriott et al, 2008; Palmer, 2009; 
Lieber, 1999). A small fraction (<0.1%) undergoes non-oxidative metabolism to produce 
EtG and ethyl sulfate.  EtG was first reported by Kamil et al (1952) in rabbit urine and by 
numerous other investigators in human blood and urine (Besserer & Schmidt, 1983; 
Jaakonmaki et al, 1967; Schmitt et al., 1995; Garriott et al, 2008).  Knowledge and 
application of EtG has increased over the last decade due to the availability of more 
sensitive methodologies for detection. Application of the detection of EtG in biological 
specimens includes abstinence programs, workplace testing, pregnancy, and drinking 
behavior studies.  To date the application of rodent models of ethanol biotransformation 
and distribution to EtG has been limited to pharmacokinetic data published by 
Kharbouche et al. (2010) and Wright (2012).  Both studies concluded that Long-Evans 
and SD rats metabolize ethanol to EtG and excrete ethanol and EtG. 
 Vitreous humor is routinely collected at autopsy for analysis of various analytes 
including ethanol, glucose, potassium, and other electrolytes.  Isolation of vitreous from 
postmortem bacterial contamination makes this specimen valuable compared to 
postmortem blood and urine.  Autolysis occurs after death as the cell membranes begin to 
break down and bacteria from the bowel invade surrounding tissues and the vascular 
system (Kugelberg & Jones, 2007).  Increased blood glucose following death is a 
substrate for microbial activity which can result in elevated blood alcohol concentrations.  
Antemortem ethanol ingestion can often be more accurately estimated in decomposition 
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cases when BAC and UAC concentrations are compared to VHAC concentrations.  The 
postmortem ratios between BAC and VHAC concentrations can be determined and used 
to predict whether ethanol ingestion occurred prior to death. 
 EtG is detectable in human blood and urine longer than ethanol, post 
administration of ethanol. There are several limitations for the interpretation of EtG 
concentrations such as the appropriate cutoff to differentiate dermal exposure to alcohol 
containing antiseptics from oral ingestion of ethanol, as well as the inability to 
extrapolate alcohol impairment from a positive EtG result.  Positive EtG results cannot be 
used to predict alcohol impairment due to biological variability between subjects and 
EtG’s prolonged excretion time and the fact that EtG is not a psychoactive metabolite.  
Keten et. al. (2009) determined that VHEtG is detectable in postmortem specimens but 
the onset of detection and degree of distribution of EtG into vitreous after an ethanol oral 
dose is unknown to date.  Keten et al. (2009) stated that there are relationships between 
VHEtG and UEtG (rs = 0.83, ρ < 0.001) and between VHEtG and BEtG (rs = 0.54, ρ < 
0.01) for the 21 postmortem cases they analyzed. Keten et al. (2009) suggested that BEtG 
and vitreous EtG concentrations could be used in combination to predict UEtG 
concentrations when a urine specimen cannot be collected during autopsy. Positive 
vitreous EtG concentrations may provide another biomarker of antemortem ethanol 
ingestion in decomposition cases. 
 Our goal was to determine if EtG is detectable in the VH of SD rats after oral 
administration of a single high ethanol dose. If the VHEtG is detectable then the goal was 
to determine the onset of detection post administration and if there is a correlation 
between blood, urine and VHEtG concentrations.  We performed a retrospective study 
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using 25 autopsy cases known to be positive for BAC and analyzed for EtG in various 
biological specimens (ie. blood, vitreous, and urine).  Our goal was to compare and 
determine if there was a relationship between the blood, urine, and vitreous EtG from the 
SD rat experiment, 25 autopsy cases from our William L. Jenkins Forensic Center, and 
25 autopsies analyzed by Keten et al. (2009).  If we determine that EtG is detectable in 
the vitreous of SD rats and distributes similarly compared to postmortem specimens, then 
the SD rat may provide a viable investigative model for postmortem toxicology of EtG.   
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MATERIAL AND METHODS 
Study Protocols 
Male SD rats (Harlan, Dublin, VA) weighing between 225-249 grams were chosen for 
the concentration-time profile experiment. This was the minimal body size needed for 
collection of adequate blood, vitreous, and urine specimens for ethanol and EtG analysis.  
All experimental protocols were approved by the East Tennessee State University Animal 
Care Committee.  
Chemicals and Reagents 
Absolute ethyl alcohol (Florida Distillers Co., Lake Alfred, FL) was used for oral gavage 
of the rats.  Analytical standards of ethanol, methanol, isopropanol, acetone, and 1-
propanol were obtained from Aldrich Chemical Co. (98 to 99% purity). A volatile 
calibration curve for methanol, ethanol, acetone, and isopropanol was prepared using 1-
propanol (internal standard) over the concentration range of 20 to 200 mg/dL [13]. 
Enzyme immunoassay reagents, calibration standards (0, 100, 500, 1000, and 2000 
ng/mL) (catalog nos: 10011207, 10011208, 10011210, 10011212, 10011213) and quality 
controls (375 and 625 ng/mL) (catalog nos: 10012135, 10012136) of EtG were obtained 
from Microgenics Corp., Thermo Fisher Scientific (Fremont, CA).   
Instrumentation 
Chromatographic separation was performed on a Perkin Elmer Clarus 500 Gas 
Chromatograph (Waltham, MA) equipped with an autosampler using a 5 µL syringe with 
a 1 µL injection (catalog no: 001954, SGE Analytical Science, Austin, TX); a 4 mm 
internal diameter spilter liner (@235ºC) (catalog no: 20833, Restek, Bellefonte, PA); a 30 
meter, 0.32 mm internal diameter, 1.80 µm film thickness Restek Rtx-BAC 1 (catalog no: 
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18003, Bellefonte, PA) capillary column and a 10 meter guard column (catalog no: 
10049, Restek) using a time temperature program of 50-150ºC at 25ºC/min; a flame 
ionization detector (@240ºC); and helium as a carrier gas (@ 3 mL/min).   Retention 
times for ethanol and 1-propanol were 2.07 and 2.55 minutes.  Methanol, isopropanol, or 
acetone did not interfere with the separation and quantitation of ethanol. TurboChrom 
software (Perkin Elmer, Waltham, MA) was used to analyze chromatograms for 
identification and quantification of ethanol (Manno & Manno, 1978).  
 The enzyme immunoassay for EtG was performed on a Siemens Viva-E analyzer 
(Deerfield, IL) using the immunoassay and parameters obtained from Microgenics Corp. 
(Thermo Fisher Scientific, Fremont, CA). Aliquots (250 µL) of whole rat blood were 
extracted with 1.5 mL of acetone using a protocol obtained from Microgenics Corp 
(Chemistry).  Acetone was placed in concentration vials, evaporated, and then the residue 
was reconstituted with 250 µL of phosphate buffer, pH 6.5.  Urine EtG concentrations 
were determined by direct analysis of the specimens.  Due to volume limitations in the rat 
model, vitreous specimens were diluted 1:2 with phosphate buffer (pH 6.5). 
Concentrations greater than 2000 ng equivalents/mL were serial diluted with buffer to fit 
within the linear range of 500-2000 ng equivalents/mL.  Limit of quantitation (LOQ) for 
BEtG was determined to be 50 ng equivalents/mL and UEtG and VHEtG to be 20 ng 
equivalents/mL. The limit of detection (LOD) was determined to be 15 ng 
equivalents/mL for BEtG, UEtG, and VHEtG.  
Calculations and Statistics 
Linear regression for the standard curve of ethanol concentrations versus peak area and 
EtG concentrations versus absorbance were calculated by computer programs for 
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quantification (TotalChrom, Perkin Elmer, Waltham, MA; Viva-E Software, Siemens, 
Deerfield, IL).  Descriptive statistics of blood, vitreous, and urine ethanol and EtG 
concentrations were calculated using Microsoft Excel (Redmond, WA) and GraphPad 
Prism 5 (La Jolla, CA).  One-way analysis of variance was performed to compare 
relationships between time and specimen concentrations using Mini-tab (State College, 
PA).  Data that was determined to have differences were analyzed by the Fishers Least 
Significant Difference test (ρ< 0.05). 
Experimentation  
Concentration-Time Profile Experiment 
All animals were fasted overnight before ethanol gavage. Thirty male rats were garvage 
orally administered 4 g/kg of ethanol then placed in metabolic cages until euthanization 
at one of the following time points: 1, 2, 3, 4, and 6 hours post administration of ethanol.  
Urine was collected in flacon tubes (catalog no: 334940, NuncTM, Napersville, IL) from 
time of ethanol administration to euthanization. Postmortem heart blood was collected 
after euthanization with a 3 mL syringe containing heparin anticoagulant (catalog no: 
H19, Fisher Scientific, Waltham, PA) then stored in sodium fluoride vacutainer tubes 
(catalog no: 02-688-47, Fisher Scientific, Waltham, PA) at 2-8⁰C.  Postmortem vitreous 
was collected from both eyes using a tuberculin syringe (cataclog no: 309602, Fisher 
Scientific, Waltham, PA) and a 22 gauge needle (catalog no: 02-665-24, Fisher Scientific, 
Waltham, PA) then stored in Eppendorf tubes (catalog no: 05-408-130, Fisher Scientific, 
Waltham, PA).  All specimens were refrigerated at 2-8⁰C until analysis.   
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Autopsy and Sampling Experiment 
A retrospective analysis was performed on 25 autopsy cases from the William L Jenkins 
Forensic Center (WLJFC) based on determination of previous positive results for BAC, 
UAC, and VHAC.  Specimens were analyzed for ethanol and EtG using the same afore 
mentioned methodologies.  Our retrospective autopsy study was conducted under 
consultation and with acknowledgement of the East Tennessee State University 
Institutional Review Board. 
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RESULTS 
Concentration-Time Profile Experiment 
Descriptive data of the ethanol and EtG blood, vitreous and urine concentrations 
following gavage of a single ethanol dose (4g/kg) are given in Table 3.1.  Ethanol and 
EtG blood, vitreous, and urine concentration-time profiles (means ± SEM) following a 
single oral ethanol dose (4 g/kg) are shown in Figure 3.1. Urine was collected from the 
time of gavage of ethanol through the time of euthanasia. Maximum BAC, UAC, and 
VHAC were reached after 2 hours. Maximum BEtG, UEtG, and VHEtG were reached in 
6, 4, and 3 hours, respectively. In the concentration-time experiment, VHEtG was 
detectable in 2 of the 6 rats one hour post ethanol administration with mean concentration 
of 15 ± 9 ng equivalents/mL, 4 of 6 rats two hours post ethanol administration with a 
mean concentration of 287 ± 172 ng equivalents/mL and 6 of 6 rats 3 hours post ethanol 
administration with a mean concentration of 774 ± 251 ng equivalents/mL. No 
statistically significant differences were determined between time and specimen for all 
ethanol data. There were no significant differences in the mean concentrations of ethanol 
or EtG within specimens (blood, vitreous, and urine) over time.  There were also no 
significant differences in the mean concentrations of ethanol between specimens within 
the same times of collection.  The mean urine EtG concentrations at all time points were 
significantly greater than the mean blood or vitreous EtG concentrations (ρ < 0.05) while 
the mean blood and vitreous EtG concentrations were not significantly different at any of 
the times of collection. Specimen groups were denoted by alphabetical letters and those 
not sharing a letter are significantly different from one another (Figure 3.1). The 
incidence of positive VHEtG, based on the LOD of EtG in vitreous, increased as more of 
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the ethanol dose was biotransformed to EtG and the distribution of EtG into the vitreous 
occurred.    The ratios of BAC to BEtG concentrations are also given in Table 3.1. The 
greatest BEt:BEtG ratios occurred at one hour post administration of ethanol and it was 
significantly greater than the following time points.  The BEt:BEtG ratio significantly 
declines from 1 to 2 and further from 2 to 3 hours post administration of ethanol. Due to 
biological variation the mean BEt:BEtG ratios at 4 and 6 hours post ethanol 
administration were not significantly different from each other and varied on their 
significant difference from those at 2 and 3 hours post administration of ethanol. 
Table 3.1. Ethanol and EtG Concentration-time Profile Experiment Data 
    
  Time      BAC       VHAC      UAC      BEtG          VHEtG     UEtG    Incidence    BEt:BEtG 
     
1   200(28)   235(44)    146(28)      333(24)a       15 (9)a      33.7 (15)b     2/6          6.2 (1)c 
 
2   243(18)   250 (30)   255 (44)     644 (67)a    172 (316)a    49.9 (31)b   4/6          3.9 (0.4)d 
 
3   160 (18)  203 (23)    182 (21)     979 (178)a  774 (251)a   35.4 (8)b     6/6          1.8 (0.3)e 
 
4   179 (22)  117 (16)    210 (41)     803 (97)a    236 (2107)a   80 (18)b    5/6          2 (0.1)d,e 
 
6   206 (23)  240 (21)   194 (24)   1038 (344)a   428 (159)a     54 (12)b     4/6         3.1 (0.9)d,e 
 
Tmax          2       2 (1-3)         2                6                3                    4  
 
Cmax        243       250            255 1038              774                80   
 
 
Time (hrs) BAC, UAC, VHAC: mg/dL; BEtG, VHEtG: ng equivalents/mL; UEtG: mg 
equivalents/dL  (means ± SEM, n=6 per time point) NA, not applicable. Incidence of 
positive VHEtG in each rat group per time point. Et, ethanol BEt:BEtG ratio (g/L:mg/L) 
Tmax, (hr)(range) AUC and Cmax units are represented in terms of the stated unit per 
component. Urine was collected from the time of gavage of ethanol up to the time of 
euthanization.  
a, b Statistically significant difference compared to the specimen during each time point (ρ 
< 0.05, Fisher LSD). Alphabetical notation represents grouping within time point.  
 
c,d,e Means that do not share a letter are significantly different (ρ < 0.05)   
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VHEtG rat specimens in each group. No significant differences within specimens 
between time points were found (ρ > 0.05).  Significance difference within time points 
between specimens is denoted by different letters (ρ < 0.05).   
 
Fig 3.1. Blood, urine and VH ethanol (a) and EtG (b) concentration-time profile 
experiment (means ±SEM) after a single oral ethanol dose (4g/kg) (n=6 per time point).  
Urine was collected from the time of gavage of ethanol up to the time of collection 
through euthanization. 
  
59 
 
Autopsy Experiment 
Blood, urine, vitreous ethanol and EtG concentrations were determined on 25 cases 
performed at the WLJFC in 2010.  Results were presented in Table 3.2 along with 
BEt:BEtG ratios.  Specimens were ranked by BAC from least to greatest BAC 
concentrations in the 25 cases.  Twenty-five autopsy cases positive for BAC were 
analyzed for EtG in available specimens.  BAC, UAC, and VHAC concentrations ranged 
from 26-528, 28-576, and 31-558 mg/dL, respectively.  BEtG, UEtG, and VHEtG 
concentrations ranged from 15-1870 ng equivalents/mL, 0.1-202 mg equivalents/dL, and 
0 -3660 ng equivalents/mL, respectively.  BAC ranged from single drink to lethal BAC 
levels. BEt:BEtG ratios for the autopsies ranged from 0.7 to 105.   
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Table 3.2. Ethanol and EtG results of 25 autopsy cases performed at the  
               William L. Jenkins Forensic Center in 2010 
 
Case  BAC    UAC   VHAC     BEtG      UEtG     VHEtG    BEt: BEtG Ratios 
1 26  28    0        30          0.65    8  8.7 
2 36  46   31        15          0.95    7  24 
3          39  n.a.   n.d.        n.d.         n.a. 388       n.a. 
4          41  44   65        580        0.70 149     0.7 
5          41  86    45        135          7.4      1709     3.0 
6          47  75   56        145          2.2 387  3.2 
7          77 129   82         72           1.5 373  10.7 
8          91 113  137         37          1 .1 1277  24.6 
9         143 151  161        265          0.1 797    5.4 
10       143 147  144        502        30.5 961    2.8    
11       168 224  137         16         20.2 646   105 
12       176   n.a.  216         274        n.a. 1047    6.4  
13       178 160  170          80          0.8 557  22.3 
14       178 160  170         137         0.1  520  13.0 
15       224 240  220           58         1.1  315  38.6 
16       248 260  252         992       10.5 3600    2.5 
17       276 316  280           97         2.8 2278  28.5 
18       276 312  240          560       11.3 671    4.9 
19       318 328  327          363       28.5 870    2.6 
20       328 356  344        1230       11.7 1635    9.0 
21       364 280  356           423       71.7 1525    8.6 
22       412 372  412           765       12.3 1507    5.4 
23       440 568  558           311      202.4 2400   14.1 
24       459 484  516           506        48.1 1452     9.1 
25       528 576  528         1870          3.2 1914      2.8 
BAC, UAC, VHAC, mg/dL; BEtG, VHEtG, ng equivalents/mL;  
UEtG, mg equivalents/dL ND, none detected; n.a., no specimen; 
Et, ethanol; BEt:BEtG, mg/L:g/L 
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Spearman Correlation Coefficients for Concentrations in the Concentration-Time Profile 
Experiment and Autopsy Experiment 
Spearman Correlation Coefficient (SCC) analysis was used to determine the relationship 
between the specimen concentrations over the time points of collection in the 
concentration-time profile experiment.  The specimen relationships for the rodent model 
are given in Table 3.3. Overall, the best correlation was between BEtG:VHEtG (SCC= 
0.42) while the correlations observed between UEtG:VHEtG, BEtG:UEtG, and 
BEt:BEtG were minimal and negative.   
Table 3.3. Spearman correlation coefficient (SCC) between  
     ethanol and EtG concentrations for the SD rat  
     concentration-time profile experiment 
 
 Relationship  SCC  
 BEtG:VHEtG  0.42 
 VHEtG:UEtG  -0.06 
 BEtG:UEtG  -0.06 
 BEt:BEtG  -0.04 
 
 Depictions of the relationships between all 25 autopsy cases and autopsy cases 
excluded by Keten’s alcoholic criteria (when VHEtG > 1.23 mg/L) are given Table 3.4.  
The best relationship was between BEt and BEtG (SCC = 0.62 and 0.55 when VHEtG > 
1.23 mg/L). The correlation between BEtG and VHEtG, UEtG and VHEtG, and BEtG 
and UEtG were all poorer (SCC = 0.18, 0.05, and 0.002 respectively) but each improved 
dramatically when cases were excluded when meeting Keten’s alcoholic criteria (SCC = 
0.27, 0.49, and 0.40 respectively) (n=15).   
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Table 3.4. Spearman Correlation Coefficient (SCC) between ethanol and  
     EtG concentrations for the 25 autopsies 
 
     SCC 
           Excluding cases meeting 
Relationship  All autopsies  Alcoholic criteria (>1.23 mg/L) 
BEtG:VHEtG       0.18   0.27 
VHEtG:UEtG       0.05   0.49 
BEtG:UEtG       0.002   0.40 
BEt:BEtG       0.62   0.55 
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DISCUSSION 
The detection of EtG in human biological fluids (ie. blood, urine and other specimens) as 
well as rodent specimens (eg. blood and urine) following ethanol ingestion and exposure 
has been established but until our study the distribution of EtG into the vitreous of SD 
rats was unknown.  Keten et al. (2009) collected specimens from 110 autopsies and 
determined that 25 cases were positive for ethanol.  VHEtG was detectable in 19 of the 
25 ethanol positive autopsy cases by liquid chromatography mass spectrometry.  The goal 
of our study was to determine if EtG is detectable in the vitreous of SD rats, the 
distribution of vitreous EtG in SD compared to Keten et al.’s (2009) postmortem vitreous 
concentrations, and VHEtG concentration is a reliable measurement to predict ethanol 
ingestion and chronic alcohol ingestion in postmortem cases. 
 In a pilot study, female SD rats (n=5, 1 per time point) were orally garvaged with 
a high ethanol dose (4 g/kg) then euthanized at one of the following time points by 
carbon dioxide inhalation: 0.25, 0.50, 1, 2, 3 hours.  BEtG, UEtG, and VHEtG were 
detectable at 0.25, 0.50, and 1 hour, respectively (unpublished preliminary data).  To 
further define the distribution of EtG in vitreous after a single high oral ethanol dose, we 
increased group population and extended the time from ethanol administration to 
euthanization to include data collection at 4 and 6 hour time points. Preliminary female 
rat data suggested that VHEtG was not detectable until 1 hour post administration, 
therefore 0.25 and 0.50 hour time points were eliminated from our second study.  Male 
rats were chosen for the concentrations-time profile because our previous study (Wright 
2011).  The data demonstrated a concentration- time prevalence of positive VHEtG 
relationship between the biotransformation of ethanol to EtG distribution to the vitreous 
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in the SD rat. The variability of EtG distribution into the vitreous resulted in detectable 
EtG concentrations in 5 of 6 rats at the 4 hour time point and 4 of 6 rat at the 6 hour time 
point.  BEtG and UEtG reached a maximum concentration of 1038 ± 344 ng 
equivalents/mL and 80 ± 18 mg equivalents/dL at 6 and 4 hours which is consistent with 
our previous pharmacokinetic study (Wright, 2010).  Although the maximum BEtG 
concentration was reached 6 hours post ethanol administration to determine a definitive 
maximum concentration and time, the concentration-time profile would need to be 
extended further due to the biotranformation variability of ethanol to EtG.  Consistent 
with Keten’s studies, we found that UEtG concentrations were the largest, however, 
BEtG and VHEtG concentrations were not significantly different thus the postulation by 
Keten that UEtG > BEtG > VHEtG could not be confirmed by our data.  In 21 of our 25 
autopsy cases, the VHEtG concentration was greater than the BEtG concentration which 
indicates prolonged ethanol consumption compared to acute ethanol ingestion performed 
in our rat study. 
 In an effort to further define EtG’s relationship to BAC concentration, Hoiseth et 
al. (2007) postulated in their EtG human pharmacokinetic study that a blood BEt:BEtG 
ratio (Et, ethanol, Et in g/L: EtG in mg/L) of > 1 indicated that alcohol had been ingested 
within 3.5 hours prior to blood sampling and a ratio < 1 suggested that alcohol had been 
ingested more than 2.5 hours before sampling of the blood.  In our previous rat data, we 
determined that the BEt:BEtG of < 1 was not reached until 6 hours  post ethanol 
administration of a high ethanol dose (4 g/kg) compared to 3.5 hours as determined by 
Hoiseth (2007) in human subjects given a lower oral ethanol dose.  Based on Hoiseth’s 
human data and our rat data, the interpretation of BEt:BEtG ratio from the time of 
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sampling to the time of ethanol dosage is dependent on the ethanol dose.  Our 
pharmacological relationship of BEt:BEtG ratio to ethanol dose was prolonged due to the 
increased absorption time for a larger ethanol dose thus extending the biotransformation 
of ethanol to EtG. Therefore, the time needed from ethanol dosage to the point of blood 
collection where the conversion of the BEt:BEtG ratio goes from greater than 1 to less 
than 1 is delayed. In our current study, we reached maximum BEtG concentrations 6 
hours after a 4 g/kg oral ethanol dose, but we did not reach a BEt:BEtG ratio of < 1 
during this concentration-time experiment using the same dosing scheme [4].  As 
expected during the ethanol absorption phase, the BEt:BEtG ratio was grossly larger at 
the 1 hour time point compared to elimination phase time points due to the continuous 
production and distribution of EtG and the elimination of ethanol.  The EtG metabolite 
measured in the blood was not greater than its parent, ethanol thus the BEt:BEtG ratio did 
not reach less than one during our concentration-time experiment.  Our reanalysis of 
Keten’s 25 cases produced a range of BEt:BEtG ratios from 0.2 to 2.5 while we 
determined a BEt:BEtG ratio of range of 0.7 to 105 for our 25 postmortem cases.  It 
appears since he had six cases of BEt:BEtG ratios of less than 1 while we only had one 
case of a BEt:BEtG ratio of less than 1 that our cases were of significantly different 
alcohol consumption. The phase of ethanol metabolism in Keten’s autopsies is unknown.  
No correlation between BAC and BEtG concentration could be determined in both sets of 
postmortem data, thus predicting recent ethanol ingestion is impossible using the ratio.  
The only conclusion that could be made from all the autopsy cases is that BAC 
concentrations greater than 300 mg/dL had a BEt:BEtG ratio > 1.  Our results support 
previous conclusions that there is variability between individuals’ biotransformation of 
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ethanol to EtG (Hoiseth et al., 2007; Garriott et al., 2008), and consequently inaccurate 
toxicological interpretations could result if measured BEtG concentrations were used to 
predict blood ethanol concentrations.   
  Postmortem ethanol and EtG concentrations were comparable to concentrations in 
the study performed by Keten (2009).  We observed that 17 of the 50 postmortem cases 
reviewed had BAC concentrations greater than 200 mg/dL and positive VHEtG 
concentrations. In the case of one of our autopsies, the BAC concentration was bordering 
our LOQ, urine was not available and VHAC, and BEtG were not detected; however, 
VHEtG concentration was measurable.  Of all the autopsies reviewed, this case was the 
only one that had signs of decomposition.  In instances like this case, a positive VHEtG 
concentration can confirm antemortem BAC concentrations if there is suspicion of falsely 
elevated BAC concentrations due to bacterial contamination, however, impairment 
cannot be determined by VHEtG concentrations.  Keten et al. (2009) postulated that 
VHEtG concentrations greater than 1.23 mg/L were indications of alcohol addiction.  Ten 
out of 25 autopsies we analyzed fulfilled Keten’s proposed conclusions and eight cases 
suggested high to lethal BAC concentrations at the time of death.  Two cases that met the 
criteria (cases 5 and 8) suggested social to moderate drinking not chronic alcohol 
ingestion based on ethanol and EtG concentrations. Likewise, after reexamining Keten’s 
data, we found a similar case that does not indicate chronic drinking, therefore, the cutoff 
postulated by Keten does not appear to be reliable for determining chronic alcohol 
ingestion.  One difference between our and Keten’s study was the method of analysis.  
Due to the limited specimen volume from the rodent model, our study used an 
immunoassay method, whereas, liquid-chromatography mass spectrometry method was 
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used in Keten’s study.  Unfortunately, one of the disadvantages of immunoassay is the 
non-specific detection of ethyl glucuronide as well as other glucuronides present in the 
biological specimens. We believe that the most reliable way to determine drinking 
behavior and ethanol impairment in postmortem cases is to compare ethanol and EtG 
concentration profiles in multiple postmortem specimens as well as scrutinize EtG 
concentrations for other indicators of chronic ethanol usage.  
 SCC was used to determine if there is a relationship between BEtG, VHEtG, and 
UEtG concentrations in SD rats and our autopsy specimens.  Overall, the correlation for 
BEtG:VHEtG in the concentration-time experiment was weak and no correlation was 
observed between UEtG:VHEtG, BEtG:UEtG, and BEt:BEtG in the same experiment.  
The BEtG and VHEtG relationship for the twenty-five autopsies (rs= 0.18) and UEtG and 
VHEtG (rs= 0.05) were compared to the study performed by Keten et al (2009) 
(BEtG:VHEtG,rs= 0.54 and UEtG:VHEtG, rs= 0.83).   BEtG and UEtG specimens were 
available thus we expand our scope to include BEtG and UEtG comparisons and 
determined the relationship to be 0.002 by the SCC.  When cases using Keten’s 
alcoholism criteria were excluded from SCC analysis, relationships between 
BEtG:VHEtG, UEtG:VHEtG and BEtG:UEtG improved to 0.27, 0.49, 0.40.  We were 
not able to substantiate the conclusions made by Keten that the correlation between UEtG 
and VHEtG can be used to estimate unavailable specimens. In fact when Keten’s alcohol 
addiction criteria was applied to his own autopsy data, UEtG:VHEtG correlation was 
determined to be 0.44 by SCC which was similar to our postmortem correlation 
compared to the previous relationship determined by Keten to be 0.83.   
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 The BEtG:UEtG relationship has not been previously documented; however, we 
found the relationship to be 0.40 when data meeting alcoholic criteria was excluded. 
Extended detection times for EtG in urine combined with chronic drinking may increase 
the error for predicting unavailable BEtG and VHEtG concentrations.  In most cases, 
correlations improved for specimen relationships when postmortem cases indicating 
chronic alcohol abuse were excluded.  Based on our observations from rat and 
postmortem data, VHEtG can be a valuable measurement to confirm the presence of 
antemortem ethanol concentrations in decomposition cases.  Overall the EtG specimen 
relationships from the SD rat experiment and autopsy cases do not appear to be correlated 
enough to establish a ratio that could be used to predict ethanol and EtG concentrations in 
unavailable specimens. 
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CONCLUSION 
We chose to investigate the detection of EtG in vitreous using a SD rat model as a result 
of previous literature demonstrating EtG detection in postmortem vitreous specimens by 
liquid chromatography mass spectrometry (Keten, 2009).  Ethanol biotransformation and 
elimination have been defined in SD and Long-Evans rat models (Kharbouche et al., 
2010; Wright & Ferslew, 2012) and the rodent is an excellent research model due to ease 
of handling, gavaging, and specimen collection.  VHEtG was detectable one hour post 
ethanol administration in the SD rat model.  Results from our SD rat experiment and two 
sets of postmortem cases indicate that ethanol and EtG relationships are not associated 
enough to predict unavailable specimen concentrations. The detection of VHEtG may 
provide a useful measurement for determining postmortem production of ethanol in blood 
in forensic decomposition cases.  
 
70 
 
REFERENCES 
 
 Besserer, K., Schmidt, V. (1983) A contribution on the renal excretion of ethyl 
glucuronide following oral ethanol intake.  Zentralbl. Rechtmed. 25: 369. 
 
Chemistry Parameters for DRI’s Ethyl Glucuronide High Sensitivity Assay on 
Siemens/SYVA V-Series Analyzers. Fremont, CA: Microgenics Corp; 2009. 
 
Garriott JC, Anderson M, Anderson W, Canfield D, Caplan Y, Dubowski K, et al. In: 
Garriott JC editors. Garriott’s Medicolegal Aspects of Alcohol. 5th ed. Tucson, AZ: 
Lawyers and Judges Publishing Company Inc; 2008. 
 
Hoiseth G, Bernard J, Karinen R, Johnsen L, Helander A, Christophersen AS, et al. A 
pharmacokinetic study of ethyl glucuronide in blood and urine: applications to forensic 
toxicology. Forensic Sci. Int. 2007;172:119–124. 
 
Jaakonmaki P, Knox K, Horning E, Horning M. The characterization by gas-liquid 
chromatography of ethyl-β-d-glucuronic acid as a metabolite of ethanol in rat and man. 
Eur. J. Clin. Pharmacol. 1967;1:63–70. 
 
Kamil I, Smith N, Williams R. A new aspect of ethanol metabolism: isolation of ethyl 
glucuronide. Biochem. J. 1952;51:32–33. 
 
Keten A, Tumer A, Balseven-Odabasi A. Measurement of ethyl glucuronide in vitreous 
humor with liquid chromatography-mass spectrometry. Forensic Sci. Int. 2009; 193: 101-
105. 
 
Kharbouche H, Steiner N, Morelato M, Staub C, Boutrel B, Mangin P, et al. Influence of 
ethanol dose and pigmentation on the incorporation of ethyl glucuronide into rat hair. 
Alcohol. 2010;44:507–514. 
 
Kugelberg FC, Jones AW. Interpreting results of ethanol analysis in postmortem 
specimens: A review of the literature. Forensic Sci. Int. 2007; 165: 10-29.  
 
Lieber CS. Microsomal ethanol-oxidizing system (MEOS): the first 30 years (1968-
1998)—a review. Alcohol. Clin. Exp. Res. 1999;991–1007. 
 
Manno B, Manno J. A simple approach to gas chromatographic microanalysis of alcohols 
in blood and urine by direct-injection technique. J. Anal. Toxicol. 1978;2:257. 
 
Palmer RB. A review of the use of ethyl glucuronide as a marker for ethanol consumption 
in forensic and clinical medicine. Sem. Diag. Pathol. 2009;26:18–27. 
 
Schmitt G, Aderjan R, Keller T, Wu M. Ethyl glucuronide: an unusual ethanol metabolite 
in humans. Synthesis, analytical data, and determination in serum and urine. J. Anal. 
Toxicol. 1995;19:91–94. 
71 
 
Wright TH, Ferslew KE. The biotransformation of ethanol to ethyl glucuronide in 
sprague dawley rat model after a single oral dosage. Alcohol. 2012; 46:159-164. 
  
72 
 
CHAPTER 4 
 
The Effect of Burn Injury on Blood Ethanol and Ethyl Glucuronide Concentrations 
 
Trista H. Wright, B.S.; Kenneth E. Ferslew, Ph.D. 
 
Section of Toxicology, East Tennessee State University, Box 70422, Johnson City, TN, 37614 
*Corresponding author. Tel.: 423-439-6424; fax: 423-439-8413  
Email address:ztmh25@imail.etsu.edu (T. Wright) 
 
* Abstract accepted for presentation at Society of Forensic Toxicologists 2012 
Annual Meeting and for Educational Research Award consideration 
 
*Submitted for publication in the Journal of Forensic Sciences 
73 
 
ABSTRACT 
 
Alcohol is the most abused drug in the United States and is present in biological 
specimens from fatal residential house fire victims in 40% of all fires.  There is no known 
data available to validate blood alcohol concentrations and their interpretations in fire-
related death victims.  A Sprague Dawley rat model was used to determine the effect of 
burn injuries, using two fire-related models, on blood ethanol and ethyl glucuronide 
(EtG) concentrations.  Specimens were analyzed for ethanol by gas chromatography and 
EtG by enzyme immunoassay.  Results show that blood ethanol concentrations were not 
affected but EtG concentrations were elevated in groups from both models.  An elevated 
post-incineration EtG concentration may cause misinterpretation when ethanol to EtG 
ratio is used to predict prior ethanol consumption behavior.  Neither burn injury model 
produced statistical significant increases or decreases in post-incineration blood ethanol 
concentrations compared to their pre-incineration levels. 
 
Keywords: Forensic Science, Ethanol, Ethyl Glucuronide, Burn Injury, Postmortem, 
Blood 
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INTRODUCTION 
Alcohol is the most abused drug in the United States and the most frequently performed 
assay in forensic laboratories [1].  Federal guidelines define an intoxicated individual to 
be someone with a blood alcohol concentration (BAC) of 0.08% or greater.  More than 
100,000 people each year die from excessive alcohol consumption in the United States 
[1]. Alcohol is present in biological specimens from fatal residential house fire victims in 
40% of all fires [2].  Forensic toxicologists are left to interpret if these individuals were 
impaired by determination of their blood alcohol concentrations on blood collected from 
autopsy of their burnt corpses. Currently there is no known data available to validate 
blood alcohol concentrations and their interpretation in fire-related death victims. The 
deficiency in the literature does not address the possibility that blood ethanol or ethyl 
glucuronide (EtG) concentrations are altered in fire deaths.   
The impairment of a deceased individual is determined by toxicological analysis 
of blood collected at autopsy.  Falsely elevated or reduced blood ethanol concentrations 
could cause misinterpretation of one’s degree of impairment thus potentially rendering an 
inaccurate cause of death or contributory factors.  The high frequency of deaths involving 
alcohol and fire and accurately determining impairment is a concern that is not addressed 
in the literature.  Due to the volatile properties of ethanol and the availability of more 
sensitive detection, the minor ethanol metabolite, EtG may be a better indicator of 
ethanol consumption prior to death in fire victims.  EtG is detectable in human blood, 
urine, and other tissues as well as other species including rodents.  There are several 
limitations for the interpretation of EtG concentrations such as appropriate cutoff to 
differentiate dermal exposure of alcohol containing antiseptics from oral ingestion of 
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ethanol, as well as the inability to extrapolate alcohol impairment from a positive EtG 
result.  Positive EtG results cannot be used to predict alcohol impairment due to 
biological variation in EtG’s metabolic production between subjects and EtG’s prolonged 
excretion time and the fact that EtG is not a psychoactive metabolite. The difference in 
physical chemical properties between ethanol and the non volatile EtG may produce a 
change in analyte concentrations in biological fluids of burn victims. Although the 
volatile properties of EtG are unknown, derivatizing agents are necessary to increase the 
volatility of EtG for gas chromatographic mass spectrometric analysis. The lower 
volatility compared to ethanol and a decomposition temperature of 302⁰F may make EtG 
a better indicator in burn victims’ biological fluids of prior use of ethanol [1,3].   The 
presence of EtG in specimens will become valuable if ethanol is known to be altered by 
burn injury.   
Fire and burn deaths are the fifth most common cause of unintentional injury 
deaths in the United States and the third leading cause of fatal home injury [4].  The 
National Fire Data Center of the U.S. Fire Administration (USFA) in 2006 reported that 
the average response time by local fire departments was 5 minutes for 50% of residential 
fires [5]. The causes of fire deaths are either due to production of a lethal oxygen-free 
atmosphere or concentrations of toxic gases such as carbon monoxide, hydrogen cyanide, 
and carbon dioxide [6].  According to fire experimentation performed by the National 
Institute of Standards and Technology (NIST), the temperature inside a residential home 
can reach temperatures of up to 1300⁰F [7]. These temperatures were recorded in the 
dining and living room of a two story, wood frame single family home.  The fire was 
ignited with a 40:1 mixture of regular unleaded gasoline and two-cycle engine oil. The 
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dining and living room temperatures spiked to 1100-1300⁰F then remained constant at 
900-1000⁰F.  To mimic the responds time, dwelling temperatures, and degree and types 
of fire death, two models were incorporated using a fire pit and a gas grill.  The models 
were designed to determine if any difference in concentrations maybe due to flame and/or 
heat and duration.  The chosen duration and temperatures of burn experiments were based 
on the average response time of 5 minutes for fire departments and the burn model 
temperatures which range from 200 to greater than 1000ºF.   
Specimen volume and integrity are affected by the degree of burn injury and are 
limiting factors in the toxicological analysis of specimens collected at autopsy in 
extensive burn deaths. Methodologies including gas chromatography mass spectrometry 
and immunoassay require 0.5 to 1.5 mL of blood for EtG analysis. The Crow-Glassman 
Scale (CGS) was developed to standardize the extent of physical burn injury of human 
bodies involved in fire deaths [8].  The CGS levels represent burn descriptions divided 
into 5 different grades, each describing the progression of destruction of the body from 
burn injury. A modified CGS was developed for our rodent model to determine if the 
integrity of the specimen correlates to changes in ethanol and EtG concentrations.  The 
degree of burn injury will potentially decrease the volume of distribution in the corpse 
and potentially concentrate ethanol and EtG concentrations.  Percentage of burn and 
depth of burn are other related burn injury factors commonly used to determine the 
degree of burn injury; however, the CGS is a standardized visual assessment that can be 
easily determined while viewing a burnt corpse. 
Our goal was to investigate an area of research where no studies have been 
conducted and confirm or refute the current interpretation that antemortem ethanol 
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concentrations are not altered by burn injury and determine if EtG is a reliable ethanol 
biomarker in fire victims.  
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MATERIAL AND METHODS 
 Study Protocol 
  Male Sprague Dawley (SD) rats (Harlan, Dublin, VA) weighing between 225-249 
grams were chosen for the burn injury experiment. This was the minimal body size 
needed for collection of adequate blood specimen for ethanol and EtG analysis.  All 
experimental protocols were approved by the East Tennessee State University Animal 
Care Committee.  
Chemicals and Reagents 
Absolute ethyl alcohol (Florida Distillers Co., Lake Alfred, FL) was used for oral 
gavage of the rats.  Analytical standards of ethanol, methanol, isopropanol, acetone, and 
1-propanol were obtained from Aldrich Chemical Co. (98 to 99% purity). A volatile 
calibration curve for methanol, ethanol, acetone, and isopropanol was prepared using 1-
propanol (internal standard) over the concentration range of 20 to 200 mg/dL [9]. 
Enzyme immunoassay calibration standards (0, 100, 500, 1000, and 2000 ng/mL) 
(catalog nos: 10011207, 10011208, 10011210, 10011212, 10011213) and quality controls 
(375 and 625 ng/mL) (catalog nos: 10012135, 10012136) of EtG were obtained from 
Microgenics Corp., Thermo Fisher Scientific (Fremont, CA).   
 Instrumentation 
Chromatographic separation was performed on a Perkin Elmer Clarus 500 Gas 
Chromatograph (Waltham, MA) equipped with an autosampler using a 5 µL syringe with 
a 1 µL injection (catalog no: 001954, SGE Analytical Science, Austin, TX); a 4 mm 
internal diameter splitter liner (@235ºC) (catalog no: 20833, Restek, Bellefonte, PA); a 
30 meter, 0.32 mm internal diameter, 1.80 µm film thickness Restek Rtx-BAC 1 (catalog 
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no: 18003, Bellefonte, PA) capillary column and a 10 meter guard column (catalog no: 
10049, Restek) using a time temperature program of 50-150ºC at 25ºC/min; a flame 
ionization detector (@240ºC); and helium as a carrier gas (@ 3 mL/min).   Retention 
times for ethanol and 1-propanol were 2.07 and 2.55 minutes.  Methanol, isopropanol, or 
acetone did not interfere with the separation and quantitation of ethanol. TurboChrom 
software (Perkin Elmer, Waltham, MA) was used to analyze chromatograms for 
identification and quantification of ethanol [9].  
 Enzyme immunoassay for EtG was performed on a Siemens Viva-E analyzer 
(Deerfield, IL) using parameters obtained from Microgenics Corp (Fremont, CA). 
Aliquots (250 µL) of whole rat blood were extracted with 1.5 mL of acetone using a 
protocol obtained from Microgenics Corp [10].  Acetone was placed in concentration 
vials, evaporated, and then the residue was reconstituted with 250 µL of phosphate 
buffer, pH 6.5.  Urine EtG concentrations were determined by direct analysis of the 
specimens.  Concentrations greater than 2000 ng equivalents/mL were serial diluted with 
buffer to fit within the linear range of 50-2000 ng equivalents/mL.  Limit of quantitation 
(LOQ) for BEtG was determined to be 50 ng equivalents/mL. The limit of detection 
(LOD) was determined to be 15 ng equivalents/mL for BEtG. 
Calculations and Statistics 
Linear regression for the standard curve of Et concentrations versus peak area 
ratio and EtG concentrations versus absorbance were calculated by computer programs 
for quantification (TotalChrom, Perkin Elmer, Waltham, MA; Viva-E Software, Siemens, 
Deerfield, IL).  Descriptive statistics of blood, and urine ethanol and EtG concentrations 
were calculated using GraphPad Prism 5 (La Jolla, CA).  Paired t-test (ρ< 0.05) was 
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performed to compare relationships between pre-incineration and post-incineration blood, 
BEt:BEtG ratios, and core body and maximum temperatures using Mini-tab (State 
College, PA).  One-way analysis of variance was performed to compare blood ethanol 
relationships between burn injury and control groups using Minitab.  Data that were 
determined to be significantly different between groups were analyzed by Fishers Least 
Significant Difference test (ρ < 0.05) using Minitab.  
Experimentation 
Pre-Incineration 
All animals were fasted for 24 hours before ethanol gavage.  One hundred twenty 
six (n=9 per group) male rats were gavaged orally with 4 g/kg of ethanol then placed in 
metabolic cages for three hours until euthanization.  Eighteen (n=9 per group) rats were 
not dosed with ethanol as burn experiment non-treated controls. Pre- and post-collection 
of the controls did not deviate from other burn experiment groups.  Pre-incineration blood 
was collected immediately after carbon dioxide inhalation euthanization with a 3 mL 
syringe containing heparin anticoagulant (catalog no: H19, Fisher Scientific, Waltham, 
PA) then stored in sodium fluoride vacutainer tubes (catalog no: 02-688-47, Fisher 
Scientific, Waltham, PA) at 2-8ºC.   
 Burn Injury Models 
 Incineration of rat corpses was performed using two incendiary models, flame 
incineration burn injury and thermal incineration burn injury.  To investigate flame and 
thermal incineration burns a fire pit and a gas grill model were used. The flame and 
thermal incineration burn injury experiments each have two control groups, one group 
was be given ethanol then allowed to remain at room temperature until post-collection, 
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the second group was not be administered ethanol then subjected to either burn injury for 
5 minutes from the fire pit or gas grill.  After pre-incineration blood collection, the 
experimental flame incineration groups were placed in the supine position directly into 
the flames using a grill basket for one of the following durations: 2, 5, or 8 minutes. 
Thermal incineration experimental groups were place in the supine position on a gas grill 
at 200, 400 or 600ºF for 2, 5, or 8 minutes (total 9 groups).  Pre-incineration core body 
temperatures were collected following pre-incineration collection and maximum core 
temperatures were the highest temperature from the burnt corpses after burn injury.  The 
pre-incineration core body temperature and maximum core temperature were monitored 
by a probe from a dual thermometer (Easyview Series Type K Dual Input thermometer 
with beaded wire type K temperature probe, Extech Instruments) inserted 2 ½ inches into 
the rectum of each rat prior to the burn experiment and remained until post-incineration 
collection.  Burnt corpses were then placed in a cold room (@ 4ºF) until the post-
incineration core body temperature reached 50ºF.   
Post-Incineration Collection 
 A modified CGS level was assigned to determine extent of burn injury using 
Table 1.  Post-incineration blood was collected using a 3 mL syringe containing heparin 
anticoagulant then stored in sodium fluoride tubes.  All specimens were refrigerated at 2-
8ºC until analysis. 
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TABLE 4.1- Modified Crow-Glassman Scale (CGS) for a rodent model 
CGS level Definition based on rat corpse Proposed integrity of biological 
fluids (blood and urine) 
1 Scorch hair, some burning on paws, 
tail, and ears. 
Intact 
2 More scorched hair and some loss of 
epidermal integrity, loss of whiskers 
and ears, more burns on paws and 
tail.  
Intact 
3 Missing portions of paws and tail 
with increasing epidermal damage. 
Intact 
4 Fragmentation and absence of the 
skull with portion of arms and/or 
legs remaining. 
Questionable 
5 Cremation with little or no tissue Loss of specimen 
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RESULTS 
 Ethanol Concentrations 
Pre- and post- incineration blood ethanol concentrations following the flame 
incineration experiment are illustrated in Figure 4.1.  Descriptive data of the blood 
ethanol concentration and ethanol to EtG (BEt:BEtG) ratios of the flame incineration 
model are given in Tables 4.2-4.5.  The blood ethanol concentrations were not altered by 
flame incineration burn injuries for 2, 5, or 8 minutes or at room temperatures (RTFI) 
(paired t-test, ρ > 0.05).  There were no significant differences between concentration 
changes of flame incineration blood ethanol concentrations (one-way analysis of 
variance, ρ > 0.05). Ethanol was not detected or falsely elevated in the post-incineration 
blood from the flame incineration control (Con FI).  Chest blood was collected when 
available as an extra sample and compared to heart blood.   Chest blood was only 
available for the flame incineration for 2 minutes group out of all the flame incineration 
groups and the ethanol concentrations did not significantly change when available chest 
blood was substituted for heart blood ethanol concentrations.  
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FIG. 4.1- X-axis groups defined by duration or experimental condition
of incineration
RTFI, room temperature flame incineration
No significance between pre and post incineration differences for the
flame incineration groups by one-way analysis of variance (mean ±
SEM, ρ > 0.05)
No significant difference within group comparing pre and post ethanol
concentrations (ρ > 0.05, paired t-test)
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TABLE 4.2- Flame incineration for 8 minutes group: Blood Pre and Post burn injury ethanol and EtG concentrations 
and BEt:BEtG ratios 
 
  Ethanol   EtG              BEt:BEtG Ratio  
Rat  
ID  Pre  Post  Pre  Post  Pre  Post  
1  102  86   717  1967  1.42  0.44 
2  336  366  729  12560  4.61  0.29 
3  126  246  1410  1471  0.89  1.67 
4  224  264  697  4376  3.21  0.60 
5  272  390  1007  16304  2.70  0.24 
6  104  272  453  2128  2.30  1.28 
7  600  412  1351  3844  4.44  1.07 
8  230  258  1795  NA  1.28  n/a 
9  228  216  508  5980  4.49  0.36 
Average  247  279  963  6078  2.82  0.74 
 
SEM  51  33  154  1928  0.49  0.19 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Average maximum core temperature, 149⁰F; CGS level, 3 
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TABLE 4.3- Flame incineration for 5 minutes group: Blood Pre and Post burn injury ethanol and EtG concentrations 
and BEt:BEtG ratios 
 
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  170  296   721  187  2.36  15.8 
2  212  210  733  1424  2.89  1.47 
3  320  394  1206  3324*  2.65  1.19 
4  164  150  554  4300  2.96  0.35 
5  268  258  894  3924  3.00  0.66 
6  172  120  352  525*  4.88  2.28 
7  292  198  1538  1813  1.90  1.09 
8  272  234  534  3522  5.09  0.66 
9  192  246  3018  837  0.63  2.94 
Average  229  234  1061  2206  2.93  2.94 
SEM  20  27  273  525  0.46  1.63 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Average maximum core temperature, 130⁰F; CGS level, 2 
*  only chest blood available for measurement 
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TABLE 4.4- Flame incineration for 2 minutes group: Blood Pre and Post burn injury ethanol and EtG concentrations 
and BEt:BEtG ratios 
 
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  98  96   715  565  1.37  1.70 
2  196  148(98)  413  1157  4.75  1.30 
3  82  220  310  1352  2.65  1.63 
4  88  84  392  808  2.24  1.04 
5  82  114  148  1296  5.54  0.88 
6  110  132  453  1013  2.42  1.30 
7  190  180  897  2298  2.12  0.78 
8  84  84  848  1018*  0.99  0.83 
9  224  218(240) 987  802  2.27  1.58 
Average  128  142  573  1145  2.71  1.35 
SEM  19  18  98  167  0.50  0.20 
 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 104⁰F; CGS level, 2 
*  Only chest blood available for measurement 
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TABLE 4.5- Flame incineration at room temperature group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
   
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  198  184   838  1163  2.36  1.58 
2  157  172  709  1379  2.21  1.24 
3  118  132  481  1488  2.45  0.89 
4  169  182  1153  1108  1.47  1.64 
5  190  527  565  585  3.36  9.01 
6  86  152  1292  2050  0.67  0.74 
7  192  256  912  1365  2.11  1.88 
8  136  130  1618  1390  0.84  0.94 
9  86  96  1073  1142  0.80  0.84 
Average  148  203  960  1297  1.81  2.08 
SEM  15  43  121  130  0.31  0.88 
 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Average maximum core temperature, 93⁰F; CGS level, NA 
 
Pre- and post- incineration blood ethanol concentrations following the thermal 
incineration experiment are illustrated in Figure 4.2.  Descriptive data of blood ethanol 
and BEt:BEtG ratios of the thermal incineration model are given in Tables 4.6-4.15.  The 
blood ethanol concentrations were not altered by the thermal incineration experiments or 
at room temperature (RTTI) (paired t-test, ρ > 0.05).  There were no significant 
differences between post-incineration concentration for the flame incineration blood 
ethanol concentrations (one-way analysis of variance, ρ > 0.05).  The thermal 
incineration experiments did not produce a detectable concentration of ethanol in the 
thermal incineration control (Con TI).  When extra available chest blood was substituted 
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for heart blood the ethanol concentration significantly increased in thermal incineration 
groups at 400ºF for 8 minutes and 600ºF for 8 minutes but remained insignificantly 
unchanged in all other thermal incineration groups.   
Blood Ethanol Concentrations
after Thermal Incineration
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FIG. 4.2- X-axis groups defined by temperatute and duration or
experimental condition of incineration
RTTI, room temperature thermal incineration; Con  TI, Control thermal
incineration
No significant difference between pre or post-incineration thermal
incineration groups by one-way analysis of variance (mean ± SEM,
one-way analysis of variance, ρ > 0.05)
No significant differeces within groups comparing pre and post
ethanol concentrations (ρ > 0.05, paired t-test)
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TABLE 4.6- Thermal incineration at 200 ⁰F for 2 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
  
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  188  200(209)  747  3052*  2.52  0.66 
2  307  206  800  1443  3.84  1.43 
3  177  138  844  1852  2.10  0.75 
4  330  310  1388  2004  2.38  1.55 
5  275  247  1598  5814  1.72  0.42 
6  170  139  899  616  1.89  2.26 
7  544  188  979  1504  5.56  1.25 
8  286  282  1012  1904  2.83  1.48 
9  230  304  1033  3308  2.23  0.92 
Average  278  224  1033  2389  2.78  1.19 
SEM  38  22  94  507  0.40  0.19 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 96⁰F; CGS level, 1 
*  Only chest blood available for measurement 
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TABLE 4.7- Thermal incineration at 200 ⁰F for 5 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
   
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  166  151   610  1513  2.72  1.00 
2  273  189(241) 1093  1966*  2.50  0.96 
3  230  314(322) 1127  1052  2.04  2.98 
4  231  170  1013  1719  2.28  0.99 
5  107  175  1193  4056  0.90  0.43 
6  235  285  1363  701  1.72  4.07 
7  222  206  789  786  2.81  2.62 
8  210  218  1053  1232  1.99  1.77 
9  252  292  900  2184  2.80  1.34 
Average  214  222  1016  1689  2.19  1.80 
SEM  17  20  103  482  0.21  0.40 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis 
Average maximum core temperature, 102⁰F; CGS level, 1 
*  Only chest blood available for measurement 
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TABLE 4.8- Thermal incineration at 200 ⁰F for 8 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
   
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  227  238   725  2222  3.13  1.07 
2  240  216(234) 995  1942  2.41  1.11 
3  180  146(340) 664  1374*  2.71  1.06 
4  132  188  918  2122  1.43  0.89 
5  210  208  2100  933  1.00  2.09 
6  184  196  1246  1417  1.48  1.38 
7  178  178(180) 1351  823  1.32  2.16 
8  202  216  1214  1010  1.66  2.14 
9  172  178  845  774  2.04  2.30 
Average  192  196  1118  1409  1.91  1.58 
SEM  11  9  146  188  0.24  0.19 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 104⁰F; CGS level, 2 
*  Only chest blood available for measurement 
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TABLE 4.9- Thermal incineration at 400 ⁰F for 2 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
   
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  220  188   562  2380  3.91  0.80 
2  286  198(348) 923  1452  3.10  1.36 
3  394  300  678  1755  5.81  1.71 
4  214  240  957  1718*  2.24  1.40 
5  196  196(270) 564  1464  3.48  1.33 
6  110  192(142) 612  1302  1.80  1.47 
7  268  288  1033  2016  2.59  1.42 
8  232  158  810  918  2.86  1.72 
9  92  128  2406  810  0.38  1.58 
Average  224  210  949  1535  2.29  1.42 
SEM  30  19  191  167  0.50  0.09 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 105⁰F; CGS level, 1 
*  Only chest blood available for measurement 
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TABLE 4.10- Thermal incineration at 400 ⁰F for 5 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
 
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  196  206   1107  1161  1.77  1.77 
2  302  308  632  3434  4.77  0.89 
3  310  282  967  1890  3.21  1.49 
4  406  252  306  815  13.3  3.09 
5  370  354(410) 1007  1330  3.67  2.66 
6  182  320  481  2332  3.78  1.37 
7  180  174(302) 1127  728  1.60  2.39 
8  162  184(254) 1877  500  0.86  3.68 
9  194  212  1036  2470  1.87  0.86 
Average  256  255  949  1628  3.87  2.02 
SEM  31  22  152  325  1.25  0.33 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 112⁰F; CGS level, 1 
*  Only chest blood available for measurement 
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TABLE 4.11- Thermal incineration at 400 ⁰F for 8 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
   
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  176  180(230)  594  1446  2.96  1.24 
2  104  126  310  707  3.35  1.78 
3  262  246  1112  1507  2.36  1.63 
4  180  172  828  2516  2.17  0.68 
5  200  246*  494  942*  4.05  2.61 
6  284  404  534  2380*  5.32  1.70 
7  178  270  1932  2462  0.92  1.10 
8  222  232  967  3064  2.30  0.76 
9  226  238  1048  2096  2.16  1.14 
Average  204  235  868  1902  2.84  1.40 
SEM  18  26  161  264  0.43  0.20 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L  
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 129⁰F; CGS level, 2 
*  Only chest blood available for measurement 
Significant difference between pre and post-incineration blood ethanol concentrations when available chest blood 
was substituted for heart blood ethanol concentrations (paired t-test, ρ>0.05)  
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TABLE 4.12- Thermal incineration at 600 ⁰F for 2 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
   
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  142  162*   668  1708*  2.13  1.66 
2  154  200  2566  2902  0.60  1.37 
3  156  158(192) 897  5468  1.74  3.21 
4  312  332*  2142  4572*  1.46  7.30 
5  290  400*  851  1915*  3.40  2.70 
6  174  140*  1085  867*  1.60  1.06 
7  272  168  1338  1040  2.03  1.62 
8  92  108(146) 779  699*  1.18  1.55 
9  268  246  876  1330  3.06  1.10 
Average  207  213  1245  2278  1.91  2.40 
SEM  26  32  221  568  0.29  0.66 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 114⁰F; CGS level, 2 
*  Only chest blood available for measurement 
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TABLE 4.13- Thermal incineration at 600 ⁰F for 5 minutes group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
  
  Ethanol   EtG              BEt:BEtG Ratio  
 
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  176  204   1945  1987  0.90  1.02 
2  432  342(396) 937  3604  4.61  0.95 
3  150  94  840  248  1.79  3.79 
4  114  94  659  1182  1.73  0.80 
5  130  142  1036  1443*  1.25  0.98 
6  302  244*  909  3056*  3.32  0.79 
7  244  224  2118  1180  1.15  1.89 
8  244  212  1096  873  2.22  2.43 
9  188  248  2084  1949  0.90  1.27 
Average  220  200  1292  1725  1.99  1.55 
SEM  33  27  194  354  0.42  0.33 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis 
Average maximum core temperature, 126⁰F; CGS level, 2 
*  Only chest blood available for measurement 
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TABLE 4.14- Thermal incineration at 600 ⁰F for 8 minutes group: Blood Pre and Post burn injury  ethanol and EtG 
concentrations and BEt:BEtG ratios 
 
  Ethanol   EtG              BEt:BEtG Ratio  
Rat ID   Pre  Post  Pre  Post  Pre  Post  
1  252  232(278)  1098  2326*  2.30  1.00 
2  144  178  444  2584  3.24  0.69 
3  232  216  715  3464  3.24  0.62 
4  128  120(158) 976  NA  1.33  n/a 
5  420  388(558) 772  3542  5.44  1.10 
6  292  290  773  19936  3.78  0.15 
7  186  232  813  1971  2.29  1.18 
8  158  290  1056  6820  1.50  0.43 
9  122  162  1532  7920  0.80  0.20 
Average  214  234  909  6070  2.65  0.67 
SEM  32  27  102  2123  0.48  0.14 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 151⁰F; CGS level, 3 
*  Only chest blood available for measurement 
Significant difference between pre and post-incineration blood ethanol concentrations when available chest blood 
was substituted for heart blood ethanol concentrations (paired t-test, ρ>0.05)  
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TABLE 4.15- Thermal incineration at room temperature group: Blood Pre and Post burn injury ethanol and EtG 
concentrations and BEt:BEtG ratios 
 
  Ethanol   EtG              BEt:BEtG Ratio  
Rat ID  Pre  Post  Pre  Post  Pre  Post  
1  200  194   847  973  2.36  1.99 
2  196  218  468  1457  4.19  1.50 
3  160  160  694  492  2.31  3.25 
4  94  66  495  455  1.90  1.45 
5  108  176  617  1482  1.75  1.19 
6  318  408  418  1320  7.61  3.09 
7  280  230(240) 180  1868  15.6  1.23 
8  74  88  704  1327  1.05  0.66 
9  212  184(186) 197  2356  10.8  0.78 
Average  182  192  513  1303  5.28  1.68 
SEM  28  33  76  203  1.67  0.31 
 
EtG, ethyl glucuronide; NA, not applicable; SEM, standard error of the mean; Et, mg/dL; EtG, ng/mL; BEt:BEtG; 
g/L:mg/L 
Et concentrations for extra chest blood collected are reported in parenthesis  
Average maximum core temperature, 91⁰F; CGS level, NA 
*  Only chest blood available for measurement 
 
EtG Concentrations 
Pre- and post- incineration blood EtG concentration following the flame 
incineration model are illustrated in Figure 4.3 and descriptively given in Tables 4.2-4.5.  
Blood post-incineration EtG concentrations were increased compared to pre-incineration 
EtG concentrations in flame incineration for 8 and 2 minutes and flame incineration room 
temperature groups (paired t-test, ρ < 0.05).  The post-incineration EtG concentrations 
from the flame incineration 8 minute group were significantly greater than other lower 
duration incineration groups and an overall decrease in post-incineration EtG 
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concentrations correlated with the duration of burn injury.  Burn experiments for the 
control flame incineration group did not produce a detectable EtG concentration.  Raw 
data showed that the burn injury did not consistently increase or decrease EtG 
concentrations in flame or thermal incineration burn groups.  Pre- and post- EtG 
concentrations given in the tables display the divided data.   
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FIG. 4.3- X-axis groups defined by duration or experimental conditions
of incineration
RTFI, room temperature flame incineration; Con  FI, Control flame
incineration
Post-incineration values that do not share a letter are significantly
different (mean ± SEM, One-way analysis of variance, Fishers LSD, ρ <
0.05)
No significant difference between pre-incineration flame incineration
groups by one-way analysis of variance (mean ± SEM, ρ > 0.05)
* Significantly different within group comparing pre and post EtG
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Pre- and post- incineration blood EtG concentration following the thermal 
incineration model are illustrated in Figure 4.4 and descriptively given in Tables 4.6-4.15.  
EtG significantly increased in thermal incineration groups 200⁰F for 2 minutes; 400⁰F for 
8 minutes; 600⁰F for 8 minutes, and thermal incineration room temperature controls.  The 
thermal burn injury in group 600⁰F for 8 minutes produced significantly greater post-
incineration EtG concentrations than other burn groups with lower temperatures and less 
time.  The control thermal incineration (Con TI) burn group did not produce a detectable 
EtG concentration.  The tables display the divided EtG data between the pre- and post- 
incineration values. 
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FIG. 4.4- X-axis groups defined by temperature and duration or
experimental conditions of incineration
RTTI, room temperature thermal incineration; Con  TI, Control thermal
incineration
Post-incineration values that do not share a letter are significantly
different (mean ± SEM, One-way analysis of variance, Fishers LSD, ρ <
0.05)
Pre-incineration values that do not share a letter are significantly
different (mean ± SEM, One-way analysis of variance, Fishers LSD, ρ <
0.05)
* Significantly different within group comparing pre and post EtG
concentrations (ρ < 0.05, paired t-test)
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BEt:BEtG Ratios 
BEt:BEtG ratios are illustrated in Figures 4.5 and 4.6 and individual BEt:BEtG 
ratios for the flame and thermal incineration burn groups are given in Tables 4.2-4.15.  In 
most cases, if the EtG concentrations significantly increased then the BEt:BEtG ratio 
significantly decreased; however, the BEt:BEtG ratio for the flame incineration room 
temperature group did not significantly decrease and the BEt:BEtG ratio for thermal 
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incineration group at 400⁰F for 2 minutes significantly decreased.  The BEt:BEtG ratio 
for the flame incineration groups at 8 and 5 minute significantly increased in post-
incineration blood.  Post-incineration BEt:BEtG ratios for flame incineration for 8 
minutes and thermal incineration at 600⁰F for 8 minutes groups had a ratio < 1 which can 
affect the interpretation of the ethanol to EtG biotransformation.   
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of incineration
RTFI, room temperature flame incineration
No significant difference between pre and post-incineration flame
incineration groups by one-way analysis of variance (mean ± SEM, ρ >
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* Significantly different within group comparing pre and
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FIG. 4.6- X-axis groups defined by duration or experimental condition of
incineration
RTTI, room temperature thermal incineration
Post-incineration values that do not share a letter are significantly different
(mean ± SEM, One-way analysis of variance, Fishers LSD, ρ < 0.05)
No significant difference between pre-incineration thermal groups by
one-way analysis of variance (mean ± SEM, ρ > 0.05)
* Significantly different within group comparing pre and post-incineration
BEt:BEtG ratio (ρ < 0.05, paired t-test)
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Core Body Temperature and Modified CGS Levels 
Pre-incineration core body and maximum core body temperatures are displayed in 
Figures 4.7 and 4.8 for flame and thermal incineration experiments.  Pre-incineration core 
temperatures increased significantly in all burn experiment groups except the thermal 
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incineration group, 200⁰F for 2 minutes.  Room temperature control groups have the 
same pre-incineration core body and maximum core body temperature since these groups 
did not sustain burn injuries.  The maximum core body temperature increased 
proportionally as the duration and temperature of the burn experiment increased.  The 
maximum core temperatures for the groups ranged from below 100ºF to above 150ºF. 
The modified CGS levels were assigned to each burn experiment and are found in Tables 
4.2-4.15. Due to the extent of burn injury in flame incineration for 8 and 5 minutes and 
thermal incineration group at 600⁰F for 8 minute groups a CGS level of 3 was assigned 
compared to little sustained burn injury in thermal incineration at 200⁰F for 2 and 5 
minutes groups which were assigned a CGS level of 1.   
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Maximum core body temperature values that do not share a letter are
significantly different (mean ± SEM, One-way analysis of variance,
Fishers LSD, ρ < 0.05)
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Fig. 4.8- X-axis groups defined by duration or experimental condition of
incineration
RTTI, room temperature thermal incineration; Con  TI, Control thermal
incineration
Maximum core body temperature values that do not share a letter are
significantly different (mean ± SEM, One-way analysis of variance,
Fishers LSD, ρ < 0.05)
Pre-incineration core body temperature values that do not share a letter
are significantly different (mean ± SEM, One-way analysis of variance,
Fishers LSD, ρ < 0.05)
* Significantly different within group comparing pre-incineration and
maximum core temperatures (ρ < 0.05, paired t-test)
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DISCUSSION 
The detection and pharmacokinetics of ethanol and EtG in humans and the rodent 
model have been well established in the literature [11-13].  The current interpretation in 
forensic toxicology is that antemortem blood ethanol concentrations are not altered by 
burn injury.  Federal guidelines define an intoxicated individual to be someone with a 
blood alcohol concentration of 0.08 g% or greater.  The same guidelines are used to 
interpret postmortem blood alcohol concentrations and determine impairment of the 
deceased.  The knowledge and application of EtG has increased over the last decade due 
to availability of more sensitive technology for detection.  Applications for the detection 
of EtG include abstinence programs, pregnancy, and workplace testing but to this point 
the application of EtG in forensics is minimal.  EtG is produced de novo in the human 
body and the presence can confirm the absorption and metabolism of ethanol [1].  
Postmortem production of ethanol by bacteria, loss of integrity in the corpses, and the 
possibility that ethanol is altered by burn injury may make EtG a better indicator of 
ethanol consumption in a fire death.  Due to the biological variation in EtG’s metabolic 
production between subject’s, prolonged excretion time, and the fact the EtG is not a 
psychoactive metabolite, the impairment from ethanol of an individual or deceased 
cannot be determined by EtG concentration.  Another advantage of EtG is the longer 
detection time compared to ethanol and the parallel elimination of EtG to ethanol.  
Additional positive EtG specimen concentrations can provide more information involving 
recent ethanol consumption and drinking behavior.  
There is a prevalence of fire deaths associated with alcohol and to date the 
literature does not address the possibility that ethanol concentrations are altered by burn 
injury.  There is a possibility that ethanol concentrations are altered due to the 
109 
 
combination of ethanol’s volatile properties and the increased core body temperature 
produced from a fire and the potential decrease in volume of distribution from the burnt 
corpse. EtG’s non-volatile properties may make it a better indicator for recent ethanol 
consumption if ethanol is known to be altered by burn injury.  Two burn injury models 
were incorporated to mimic a residential house fire.  Time and temperature were 
controlled in flame and thermal incineration experiments to produce different fire death 
situations.  The burn injury from the flame incineration caused loss of external integrity 
even at short durations, whereas, the thermal incineration only produced loss of external 
integrity at higher temperatures and longer durations.  Modified CGS levels were 
assigned to each corpse to determine if there is a correlation between CGS level and 
maximum core temperatures.  Flame incineration experiments with short durations and 
thermal incineration with higher temperature produced extensive external damage but 
little change to core body temperatures.  These groups were assigned a higher CGS level 
based on visual appearance but little internal damage was observed.  The epidermis was 
severely compromised and the back muscle was visible in flame incineration for 8 
minutes and thermal incineration at 600 ⁰F for 8 minutes groups.  No ranges of maximum 
core body temperatures with details of burn injury are given in the literature.  Our 
maximum core temperatures ranged from 151ºF for the thermal incineration at 600⁰F for 
8 minutes group to barely above the rodent’s core body temperature of 96ºF for the 
thermal incineration at 200⁰F for 2 minutes group.  Factors including fire department 
response time, environment of the fire, and body recovery time may result in higher 
maximum core temperatures compared to our burn experiment or the NIST’s house fire 
experiment and would warrant further investigation.   
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 The heart blood ethanol concentrations were not altered in post-incineration blood 
ethanol concentrations from flame and thermal incineration burn injury experiments in 
the rodent model.  Our previous studies indicate that the high oral ethanol dose in the 
rodents was in the elimination phase 3 hours post administration [12].  The internal 
integrity of the diaphragm was intact and heart blood was not exposed to any perforation 
of the organs that could occur from burn injury.  No detectable ethanol concentrations 
were produced in non-ethanol dosed controls (Con FI and Con TI) who received flame 
and thermal burn injury. Under the conditions we investigated we found that burn injury 
does not produce false positive blood ethanol concentrations.  Neither burn injury model 
produced statistical significant increases or decreases in post-incineration blood ethanol 
concentrations compared to their pre-incineration blood ethanol concentrations.  
Additional available post-incineration chest bloods were analyzed for ethanol 
concentrations and compared to heart blood ethanol concentrations to determine if there 
was a difference between blood ethanol concentrations in these specimens.  Extra 
available chest blood/fluids was collected in 11 of the 14 groups dosed with ethanol.  
Blood ethanol concentrations increased significantly (ρ < 0.05) in thermal incineration 
groups 400⁰F for 8 minutes and 600⁰F for 8 minutes when the available chest 
blood/fluids was substituted for the heart blood.  The maximum core temperatures of 
thermal incineration groups 400⁰F for 8 minutes and 600⁰F for 8  minutes were 129ºF or 
greater and were among the highest maximum core temperature groups.  No extra chest 
blood/fluids was available for other maximum high core temperatures including flame 
incineration for 5 and 8 minutes, and thermal incineration at 600⁰F for 5 minutes groups.  
The elevated ethanol concentration from chest blood/fluids could cause an inaccurate 
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interpretation of the impairment in severely burned fire victims.  Chest blood and/or 
fluids from the chest cavity are the more likely specimens collected as the integrity of the 
corpse is lost due to increased burn injury.  Caution should be used when labeling the 
specimen as heart blood if the origin of the cavity fluid is unknown or if a blind heart 
stick is performed at autopsy. Femoral blood is the specimen of choice because it is 
isolated from the diaphragm and stomach area; however, femoral blood may not be 
available due to burn injury.  Comparing femoral blood to other blood specimens would 
require a larger animal model.  
Due to the non-volatile properties of EtG, we investigated EtG as a possible better 
indicator for recent ethanol consumption in burn victims but found that post-incineration 
EtG concentrations were significantly increased from their pre-incineration levels 
throughout burn experiment groups.  Blood EtG concentrations increased in burn 
experiment groups with low and high maximum core body temperature groups as well as 
both room temperature experimental groups.  Post-incineration blood EtG concentrations 
for the flame incineration 8 minute and thermal incineration at 600⁰F for 8 minutes were 
significantly higher than other groups and room temperature controls.  Our results 
revealed a correlation between post-incineration blood EtG concentration and burn 
injuries produced from higher core temperatures.  Blood EtG concentrations increased in 
the room temperature controls over the elapsed time from pre-incineration collection until 
post-incineration collection thus the increases in EtG concentrations do not seem to be 
solely caused by burn injury.  Studies performed by Baranowski et al. and Thierauf et al. 
found that EtG concentration were decreased in urine by the bacteria strains Escherichia 
coli and Clostridium sordellii when stored at different conditions over several days [14, 
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15].  Schloegl et al. found that postmortem liver and skeletal muscle collected from 3 
autopsies had a decrease in EtG concentrations after remaining at room temperature for 4 
weeks [16].  They concluded tissues stored at room temperature for 4 weeks had a slow 
decrease in EtG concentration but remained positive after the 4 weeks.  Hoiseth et al 
determined that blood positive for EtG without preservatives incubated at 40ºC or 30ºC 
had a decrease in EtG concentration over 21 days but initially increased in two of the five 
samples incubated at 40ºC(104⁰F)  [17].  We observed mixed blood EtG concentration 
data under similar conditions as seen in Hoiseth’s study.  The experimental thermal 
conditions and time frame where the mixed EtG concentrations occurred were similar in 
both studies.  The reason for the mixed results is unknown; however, both our data and 
the conclusions made by Hoiseth agree that EtG is highly unstable and not a reliable 
blood analyte.   
In an effort to use the advantage of the EtG’s longer detection time, several 
studies have investigated the correlation between ethanol and EtG concentration [12, 13, 
18].  The extrapolation of the BEt:BEtG ratio to determine ethanol or EtG concentrations 
in other unavailable specimens has been determined to be inaccurate [13].  However, 
comparing ethanol and EtG blood and urine concentrations can provide historical 
information of one’s prior ethanol consumption behavior.  The point when the BEt:BEtG 
ratio is < 1 indicates the elimination phase of ethanol pharmacokinetics and is dependent 
on the dose of ethanol [13].  A significant decrease was observed in several burn groups’ 
post-incineration BEt:BEtG ratios due to the significant increases in EtG concentrations 
and the lack of significant change in ethanol concentrations.  While several burn groups 
have both significant changes in EtG concentrations and BEt:BEtG ratios, the variation in 
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EtG concentrations caused insignificant changes between pre and post-incineration EtG 
concentrations and/or BEt:BEtG ratios.  The BEt:BEtG ratio variation observed in room 
temperature experiments was a result of a significant increase in EtG concentrations but 
did not produce a significant change in the BEt:BEtG ratios.  The variation from pre to 
post-incinerartion BEt:BEtG ratios make it an unreliable calculation for prediction of the 
subject’s phase of ethanol pharmacokinetics and thus their potential for impairment.  We 
found that the post-incineration BEt:BEtG ratio was decreased in higher maximum core 
temperature groups (flame incineration for 8 minutes and thermal incineration at 600⁰F 
for 8 minutes) below the critical value of less than 1.  The higher maximum core 
temperatures that are potentially observed in residential house fires could falsely decrease 
the post-incineration BEt:BEtG ratio causing inaccurate conclusions of one’s prior 
drinking behavior and potential for contributory actions to the fire. 
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CONCLUSION 
 We chose to investigate the effects of burn injury on ethanol and EtG 
concentrations using a SD rodent with two burn injury models due to the deficiency in 
the literature.  Ethanol concentrations were not significantly changed by flame or thermal 
incineration burn injury but EtG concentrations were significantly increased by burn 
injury in several groups from both burn injury models.  The increase in post-incineration 
EtG concentrations resulting in BEt:BEtG ratios does not provide a reliable and accurate 
prediction factor to determine recent ethanol consumption behavior.  
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ABSTRACT 
Ethanol is a popular, legal drug and its deleterious cognitive effect causes an increase risk 
for residential house fire.  Currently there is no known data available to validate tissue 
ethanol and ethyl glucuronide (EtG) concentrations and their interpretations in fire-
related death victims.  Tissues collected at autopsy must be used for toxicological 
analysis when blood is not available.  A Sprague Dawley rat model was used to 
determine the effect of burn injuries, using two fire-related models, on liver, kidney, and 
heart ethanol and EtG concentrations.  Homogenized specimens were analyzed for 
ethanol by gas chromatography and EtG by enzyme immunoassay.  We found that tissue 
ethanol and EtG concentrations can be altered by burn injury which can lead to 
misinterpretation of impairment.  Changes in ethanol and EtG concentrations and organ 
weights were not correlated but changes may be related to maximum core body 
temperature. 
 
Keywords: Forensic Science, Ethanol, Ethyl Glucuronide, Burn Injury, Liver, Kidney, 
Heart 
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INTRODUCTION 
Alcohol is the most common drug found in persons dying of all causes, but deaths 
involving injuries and violence have the highest incidences [1]. Forty percent of fatal 
residential house fire victims have ethanol present at autopsy [2].  Forensic toxicologists 
are left with the task to accurately interpret ethanol concentrations using blood, tissues, or 
fluid specimens from a fire victim to determine impairment.  Femoral blood is considered 
the best specimen for postmortem toxicological analysis because it has the least potential 
for postmortem redistribution and microbial contamination [1].  Medical examiners are 
sometimes forced to collect other fluids and tissues from corpses when blood is not 
available from corpses with severe burn injury. Alcohol is distributed primarily in body 
water and the concentration of ethanol in tissues is dependent on the tissue’s water 
content [1].  Studies have documented ranges for blood alcohol to tissues alcohol 
concentration ratios for various tissues to aide toxicologists in accurately predicting the 
degree of alcohol’s effect on the body [1]. 
 Ethyl glucuronide (EtG) is a minor ethanol metabolite produced de novo in the 
body [1]. With advances in technology over the past decade, methodologies have become 
more sensitive and EtG is easily detectable in human biological specimens.  Advantages 
of EtG over ethanol include longer detection times and EtG concentrations cannot be 
falsely elevated by postmortem bacteria.  Extrapolation of impairment from EtG 
concentrations cannot be made due to biological variation in its metabolic production in 
the body and inability to produce neurological effects; however, comparing EtG and 
ethanol concentrations from different specimens can provide a better history of ethanol 
use.  EtG analyses from tissue specimens were included in the burn experiment due to its 
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non-volatile chemical properties.  Applications for EtG detection includes abstinence 
programs, pregnancy, workplace testing, and drinking behavior studies.  EtG application 
in forensics is limited but Schloegl et al. determined that EtG was detectable in 
postmortem liver, bone marrow, urine, muscle, and fat tissue [3].   
 Residential house fires were simulated using two different models to incorporate 
heat and/or flame within the range of residential fires’ temperatures.  A thermal 
incineration model was used to investigate the effect of different temperatures and 
durations of heat burn injury on tissue ethanol and EtG concentrations.  A flame 
incineration model was used to produce burn injury from flames for different durations of 
time.  The duration of burn injury was chosen based the national average response time of 
the local fire departments which was 5 minutes, 50% of the time [4].    
The deficiency in the literature does not address the possibility that ethanol and 
EtG tissue concentrations can be altered due to burn injury.  Our goal was to simulate a 
residential house fire using two different rodent burn injury models to determine if 
postmortem tissue ethanol and EtG concentrations are altered by burn injury.   
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MATERIAL AND METHODS 
 Study Protocol 
  Male Spargue Dawley (SD) rats (Harlan, Dublin, VA) weighing between 225-249 
grams were chosen for the burn injury experiment. This was the minimal body size 
needed for collection of adequate specimens for ethanol and EtG analysis.  All 
experimental protocols were approved by the East Tennessee State University Animal 
Care Committee.  
Chemicals and Reagents 
Absolute ethyl alcohol (Florida Distillers Co., Lake Alfred, FL) was used for oral 
gavage of the rats.  Analytical standards of ethanol, methanol, isopropanol, acetone, and 
1-propanol were obtained from Aldrich Chemical Co. (98 to 99% purity). A volatile 
calibration curve for methanol, ethanol, acetone, and isopropanol was prepared using 1-
propanol (internal standard) over the concentration range of 20 to 200 mg/100g [9]. 
Enzyme immunoassay calibration standards (0, 100, 500, 1000, and 2000 ng/g) (catalog 
nos: 10011207, 10011208, 10011210, 10011212, 10011213) and quality controls (375 
and 625 ng/g) (catalog nos: 10012135, 10012136) of EtG were obtained from 
Microgenics Corp., Thermo Fisher Scientific (Fremont, CA).   
 Instrumentation 
Chromatographic separation was performed on a Perkin Elmer Clarus 500 Gas 
Chromatograph (Waltham, MA) equipped with an autosampler using a 5 µL syringe with 
a 1 µL injection (catalog no: 001954, SGE Analytical Science, Austin, TX); a 4 mm 
internal diameter splitter liner (@235ºC) (catalog no: 20833, Restek, Bellefonte, PA); a 
30 meter, 0.32 mm internal diameter, 1.80 µm film thickness Restek Rtx-BAC 1 (catalog 
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no: 18003, Bellefonte, PA) capillary column and a 10 meter guard column (catalog no: 
10049, Restek) using a time temperature program of 50-150ºC at 25ºC/min; a flame 
ionization detector (@240ºC); and helium as a carrier gas (@ 3 mL/min).   Retention 
times for ethanol and 1-propanol were 2.07 and 2.55 minutes.  Methanol, isopropanol, or 
acetone did not interfere with the separation and quantitation of ethanol. TurboChrom 
software (Perkin Elmer, Waltham, MA) was used to analyze chromatograms for 
identification and quantification of ethanol [5].  
 Enzyme immunoassay for EtG was performed on a Siemens Viva-E analyzer 
(Deerfield, IL) using parameters obtained from Microgenics Corp (Fremont, CA). 
Homogenized tissues were placed in vials for analysis.  Concentrations greater than 2000 
ng equivalents/g were serial diluted with buffer to fit within the linear range of 50-2000 
ng equivalents/g.  Limit of quantitation (LOQ) for liver, kidney and heart EtG was 
determined to be 50 ng equivalents/g. The limit of detection (LOD) was determined to be 
15 ng equivalents/g for liver, kidney, and heart EtG concentrations. 
Tissue Preparation 
 Liver, kidney, and heart were homogenized with a phosphate buffer, pH 6.5 using 
a Omni GLH International homogenizer (Catalog no: 15-340-109, Kennesaw, GA) to fit 
within the analytical ranges of quantitation for the semiquantitative immunoassay and GC 
methods.  Homogenate was centrifuged and aliquots were used for the ethanol and EtG 
quantitative procedures.    
Calculations and Statistics 
Linear regression for the standard curve of ethanol concentrations versus peak 
area ratios and EtG concentrations versus absorbance were calculated by computer 
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programs for quantification (TotalChrom, Perkin Elmer, Waltham, MA; Viva-E 
Software, Siemens, Deerfield, IL).  Descriptive statistics of liver, kidney, and heart 
ethanol and EtG concentrations were calculated using GraphPad Prism 5 (La Jolla, CA).  
One-way analysis of variance was performed to compare relationships between burn 
experiment tissues and control tissues using Minitab (State College, PA).  Data that was 
determined to be significantly different between groups was analyzed by the Fishers 
Least Significant Difference test (ρ < 0.05).  Core body and maximum core body 
temperatures were compared by paired T-test (ρ < 0.05) using Minitab.    
Experimentation 
Pre-Incineration 
All animals were fasted for 24 hours before ethanol gavage.  One hundred twenty 
six (n=9 per group) male rats were gavaged orally with 4 g/kg of ethanol then placed in 
metabolic cages for three hours until euthanization.  Eighteen (n=9 per group) rats were 
not dosed with ethanol as burn experiment non-treated controls.  
 Burn Injury Models 
Incineration of rat corpses was performed using two incendiary models, flame 
incineration burn injury and thermal incineration burn injury.  To investigate flame and 
thermal incineration burns a fire pit and gas grill model were used. The flame and thermal 
incineration burn injury experiments each have two control groups, one group was given 
ethanol then allowed to remain at room temperature until post-collection, the second 
group was not administered ethanol then subjected to burn injury for 5 minutes from 
either the fire pit or gas grill.  After pre-incineration blood collection, the experimental 
flame incineration groups were placed in the supine position directly into the flames of a 
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fire pit using a grill basket for one of the following durations: 2, 5, or 8 minutes. Thermal 
incineration experimental groups were place in the supine position on a gas grill at 200, 
400 or 600ºF for 2, 5, or 8 minutes (total 9 groups).  Pre-incineration core body 
temperature was measured following euthanization and maximum core temperature was 
the highest temperature from the burnt corpse after burn injury.  The pre-incineration core 
body temperature and maximum core temperature were monitored by a probe from a dual 
thermometer (Easyview Series Type K Dual Input thermometer with beaded wire type K 
temperature probe, Extech Instruments) inserted 2 ½ inches into the rectum of each rat 
prior to the burn experiment and remained until post-incineration collection.  Burnt 
corpses were then placed in a cold room (@ 4ºF) until the post-incineration core body 
temperature reached 50ºF.    
Post-Incineration Collection 
 Post-incineration liver, kidney and heart were removed at necropsy and stored in 
falcon tubes (catalog no: 334940, NuncTM, Napersville, IL).  Any postmortem blood 
and/or clots were removed from hearts.  Organs were weighted, recorded, and then 
prepared for analysis.  The lower, left hindquarter was dissected at the patella and above 
the foot to include the fused tibia and fibula (shin) from burn experiments and room 
temperature groups. The major muscle mass was removed and the remaining connective 
tissue was removed by soaking in 20% bleach/water solution for 5 days.  The dissected 
shins were weighted and recorded after all tissue was removed. All biological specimens 
were refrigerated at 2-8ºC until analysis.  
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RESULTS 
Ethanol Concentrations 
 Flame Incineration 
Liver, kidney, and heart ethanol concentrations following flame incineration burn 
injury are shown in Figures 5.1, 5.2, and 5.3.  Liver, kidney, and heart ethanol 
concentrations were significantly increased in flame incineration groups with the duration 
of 5 and 8 minutes compared to the room temperature control and the 2 minute flame 
incineration group.    No ethanol was detected in the liver, kidney or heart for the non-
ethanol dosed control group (Con FI).   
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Kidney Ethanol Concentrations
After Flame Incineration
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FIG. 5.2- X-axis groups defined by duration or experimental condition of
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RTFI, room temperature flame incineration; Con  FI, Control flame
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Values that do not share a letter are significantly different (mean ± SEM,
One-way analysis of variance, Fishers LSD, ρ < 0.05)
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Heart Ethanol Concentrations
After Flame Incineration
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RTFI, room temperature flame incineration; Con  FI, Control flame incineration
Values that do not share a letter are significantly different (mean ± SEM,
One-way analysis of variance, Fishers LSD, ρ < 0.05)
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Thermal Incineration 
 Liver and kidney ethanol concentrations following thermal incineration burn 
injury are shown in Figures 5.4 and 5.5.  Liver ethanol concentrations decreased in 
thermal incineration groups at 200ºF for 2 and 5 minutes but increased in the flame 
incineration higher core temperature groups, 600ºF for 5 and 8 minutes compared to the 
room temperature control group.  Other thermal incineration experimental groups did not 
significantly changed compared to the room temperature control group.  The higher 
maximum core temperature groups, 400⁰F for 8 minutes and 600⁰F for 8 minutes in the 
thermal incineration experiment had a significantly increased ethanol concentration in the 
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kidney compared to the room temperature control.  Lower maximum core body 
temperature group did not have significant differences in ethanol kidney concentrations 
compared to the room temperature control.  Heart ethanol concentrations were not altered 
in thermal incineration groups.  Ethanol was not detectable in the non-dosed ethanol 
control group (Con TI) in the liver, kidney and heart. 
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Kidney Ethanol Concentrations
after Thermal Incineration
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EtG Concentrations 
 Flame Incineration 
 Liver and heart EtG concentrations after burn injury from flame incineration are 
illustrated in Figures 5.6 and 5.7.  Liver and heart EtG concentrations were significantly 
increased in the flame incineration for 8 minute group compared to other flame 
incineration groups and room temperature control group.  No significant change in EtG 
concentrations were observed in flame incineration for 8, 5, or 2 minute groups in the 
kidney compared to the room temperature group.  No EtG was detected in non-dosed 
ethanol control groups in the liver, kidney, and heart.  
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Liver EtG Concentrations
after Flame Incineration
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RTFI, room temperature flame incineration; Con  FI, Control flame incineration
Values that do not share a letter are significantly different (mean ± SEM,
One-way analysis of variance, Fishers LSD, ρ < 0.05)
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Heart EtG Concentrations
after Flame Incineration
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RTFI, room temperature flame incineration; Con  FI, Control flame
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Values that do not share a letter are significantly different (mean ± SEM,
One-way analysis of variance, Fishers LSD, ρ < 0.05)
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Thermal Incineration 
Kidney and heart EtG concentrations following thermal incineration burn injury 
are depicted in Figures 5.8 and 5.9.  Liver EtG concentrations were not statistically 
different between treatment groups from the thermal incineration.  Significant decreases 
in kidney EtG concentrations were observed in the lower maximum core body 
temperature groups in thermal incineration groups at 200ºF for 2 and 8 minutes, and 400 
ºF  for 2 minutes compared to the room temperature control.  The three highest maximum 
core temperature groups in the thermal incineration group were 400 ºF for 8 minutes, 600 
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ºF for 5 and 8 minutes had  significantly greater heart EtG concentrations compared to the 
room temperature control group and the lower temperature, shorter duration thermal 
incineration group.  No EtG was produced by thermal incineration burn injury in the 
liver, kidney, or heart. 
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Heart EtG Concentrations
after Thermal Incineration
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Organ Weights 
Heart weights after flame incineration burn injury are depicted in Figure 5.10.  
Liver and kidney weights measured after burn injury from a flame incineration were not 
significantly different between groups.  Flame incineration for 8 minutes caused a 
decrease in heart weight compared to both controls and the shorter duration flame 
incineration exposures.  Flame incineration for 5 minutes resulted in a decreased heart 
weight compared to room temperature control; however, due to the identical burn 
duration time for the flame incineration control and the 5 minute group heart weights 
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were not significantly different. There appeared to be a correlation between heart weight 
and burn duration time for the flame incineration. 
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Liver, kidney, and heart weights included in the thermal incineration burn injury 
are illustrated in Figures 5.11, 5.12, and 5.13.  Liver weight was decreased in 5 of 10 
(200⁰F for 2 minutes, 400⁰F for 2 minutes, 600⁰F for 2 and 8 minutes, and thermal 
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incineration control) burn groups and included low to high core temperature groups.  
Thermal incineration at 400⁰F for 5 and 8 minutes have an increase in weight compared 
to non-treated burn control (Con TI).  Only thermal incineration group at 200⁰F for 2 
minutes had a significant decrease in kidney weight and thermal control and thermal 
incineration group, 400⁰F for 8 minutes had a significant increase in weight compared to 
room temperature controls (RTTI).   Thermal incineration groups at 200⁰F for 2 and 8 
minutes had a significant decreased in heart weight after the thermal incineration injury 
whereas a significant increase was observed for thermal incineration at 400⁰F for 8 
minutes and thermal incineration control compared to the room temperature control 
(RTTI).   
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Kidney Weight after
Thermal Incineration
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Heart Weight after
Thermal Incineration
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Lower Left Hindquarter Leg Weights  
The shin bone weights from the dissected lower left hindquarters were not altered 
by the flame or thermal incineration compared to non-burned or burned legs from control 
groups.  While there were some significant differences between the shin bone weights of 
the lower left hindquarter between thermal incineration treatment groups, none of the 
thermal incineration treatment groups were significantly different from either control.   
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Core Body Temperatures 
Pre-incineration core body and maximum core body temperatures are displayed in 
Figures 5.14 and 5.15 for flame and thermal incineration experiments.  The experimental 
burn groups are organized into three groups by maximum core body temperatures to 
determine if changes in concentration are due to core body temperatures. The division of 
the experimental burn injury groups into the three maximum core body temperature 
groups is given in Table 5.1.  Core temperatures increased significantly in all burn 
experiment groups except the thermal incineration group at 200ºF for 2 minutes.  Room 
temperature control groups have the same “pre-incineration” core body and maximum 
core body temperature since these groups did not sustain burn injuries.  The maximum 
core body temperature increased as the duration and temperature of the burn experiment 
increased.  The maximum core temperatures for the groups ranged from below 100ºF to 
above 150ºF.  These results were previously published in Wright [6]. 
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TABLE 5.1- Maximum Core Body Temperature Groups 
 
Group Level  Temperature Range (ºF) Experimental Burn Groups 
 
Low   90-110    FI, 2; 200, 2; 200, 5; 200, 8; 400, 2 
 
Medium  111-129   400, 5; 400, 8; 600, 2; 600, 5 
 
High   130-155   FI, 8; FP, 5; 600, 8 
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DISCUSSION 
 Blood is the optimum specimen to determine ethanol impairment but tissues can 
be used if blood is unavailable due to decomposition or injury.  The heat, flame, and 
destruction in a residential fire can cause damage to the corpse so severe that blood may 
not be available.  We have previously found that blood ethanol concentrations were not 
altered by flame or thermal burn injury [6].  Blood EtG concentrations were found to be 
altered by both burn models despite EtG’s non-volatile properties.  The goal of this 
research was to determine if tissues from fire victims are reliable specimens to determine 
alcohol impairment by measurement of tissue ethanol concentrations and to predict the 
victim’s prior ethanol consumption pattern by determination of EtG tissue concentrations.    
Maximum core body temperatures were measured in each rodent using a probe 
from the time of euthanization to post-incineration collection of tissues to determine if a 
correlation existed between maximum core body temperatures and changes in organ 
concentrations and weight.  The organ weight and the comparison of organ 
concentrations between burn groups were included in our study in an effort to determine 
a cause of ethanol and/or EtG concentration alterations. Burn groups were organized into 
3 body temperature groups based on maximum core body temperature and changes in 
concentrations.  The core body temperature seems to be a better indicator of ethanol and 
EtG changes compared to physical appearance.  The aim of the groupings was to 
organize results to determine correlations between core temperatures, ethanol and EtG 
organ concentrations, and organ weights.  The National Institute of Standards and 
Technology (NIST) found that residential house fires can spike to 1100-1300ºF and have 
constant temperatures of 900-1000ºF.  Our burn model mimics residential house fires that 
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burn between 200 and 1000ºF and based on NIST’s findings our models reach the lower 
range of a consistent residential fire burn [7]. 
The liver, kidney and heart were chosen for post-incineration collection due to 
ease of collection, organs routinely collected at autopsy, undamaged appearance, and 
anatomical position.  In pilot burn experiments the diaphragm remained intact and body 
fluids were occasionally present in the abdominal cavity.  We chose to compare the liver 
and kidney versus the heart to determine if there were any changes in concentrations due 
to anatomical position. 
 It was determined that blood ethanol concentrations were not altered by burn 
injury[6]; however, organ ethanol concentrations are altered by burn injuries from both 
burn models.  The high core temperature group had a significant increase in ethanol 
concentration in the liver.  The middle core temperature group did not observe a change 
in liver ethanol concentration but 2 of 5 groups in the low core temperature group had a 
decrease in liver ethanol concentration.  Liver weights decreased in 4 of 12 burn groups 
and did not necessary correlate to tissue ethanol concentration changes.  All three core 
temperature groups had at least one group with a decrease in liver weight and all groups 
were from the thermal incineration burn model.  Two core temperature groups (high and 
middle) had an increase in kidney ethanol concentrations and included 4 of the 12 burn 
groups.  While the increase spanned two core temperature groups, the actual burn groups 
affected had the highest maximum core temperature of all the groups and may indicate a 
correlation between increased kidney ethanol concentrations and maximum core body 
temperatures.   Overall, the kidney weight was not changed by the burn injury. Only the 
lowest maximum core temperature group, thermal incineration at 200 ºF for 2 minutes, 
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had a significant decrease in kidney weight from burn injury.  Four of the 12 groups 
which spanned 2 core temperature groups (high and middle) had an increase in heart 
ethanol concentration.  Once again it does not appear that there is a strong correlation 
between changes in weight and ethanol concentrations.  Heart weight decreased in flame 
incineration for 8 and 5 minutes as the heart ethanol concentration increased but other 
groups provided mixed results causing an unclear conclusion.   The data suggests that an 
increase in ethanol concentrations in organs is correlated with maximum core body 
temperature in all experimental groups except the heart ethanol concentrations in the 
thermal incineration experimental groups.  
A change in organ EtG concentrations compared to room temperature controls 
was observed in all three organs with the heart being the most affected.  The EtG 
concentrations were the greatest in the liver followed by kidney then heart (liver> 
kidney> heart).  Two burn groups (flame incineration for 8 minutes and thermal 
incineration at 600 ºF for 2 minutes) from different core temperature groups were 
effected differently by burn injury.  In the case of higher maximum core body 
temperature the liver EtG concentrations were increased but at a lower core temperature 
the liver EtG concentrations were decreased.  Kidney EtG concentration decreased in 3 of 
the 5 burn groups in the lowest core temperatures group and all sustained burn injuries 
from thermal incineration.  Increased heart EtG concentrations spanned 2 core 
temperatures groups and included 5 burn groups which had the highest maximum core 
temperature of all burn groups.  Changes in EtG concentrations and organ weight were 
not correlated but possibly related by maximum core body temperature.  EtG 
concentrations were significantly increased as the maximum core temperature and burn 
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injury increased in the flame incineration experiment.  Thermal incineration EtG heart 
concentrations significantly increased in the three highest maximum core temperature 
groups (400⁰F for 8 minutes and 600⁰F for 5 and 8 minutes).  The cause of the increased 
ethanol and EtG may not be due to a decrease in organ weight or a shift in body water but 
there is evidence to suggest that higher maximum core temperatures can cause elevated 
ethanol and EtG concentrations in post-incineration organs. 
The tissues collected from non-ethanol dosed controls did not have detectable 
ethanol or EtG concentrations.  False positives are unlikely in individuals who have not 
consumed ethanol and accurate determination of impairment can be made.  We chose to 
investigate burn injuries that occurred in the elimination phase of ethanol 
pharmacokinetics.  More research is needed to determine if a burn victim with a 
perforated bowel still containing unabsorbed ethanol would bathe the surrounding organs 
causing an elevated ethanol concentration in nearby organs. 
Organ weights were affected at all core temperature groups.  When the weight 
was altered it was usually a decrease; however, we observed one increase in heart weight.  
Our hypothesis was that organ weights would be decreased with more burn injury due to 
the elimination of body water and a decrease in volume of distribution.  The decrease in 
body water and volume of distribution would cause a concentrating effect of the analytes 
in an intact corpse. Another hypothesis was that the lost of integrity of a corpse would 
lead to loss of ethanol due to its volatile properties.  The liver and heart weight were 
altered more frequently than kidney weights.  We observed a decease in organ weight in 
some burn groups but the decrease is not correlated by degree of burn injury.  We wanted 
to determine if an increased analyte concentration was due to a decrease in organ weight 
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from loss of water or if a decrease in analyte concentration was due to a shift in body 
water to organs when a corpse sustains burn injury.  Ethanol and EtG concentrations were 
found to both increase and decrease and are not dependent on alteration of organ weight.  
Organs that sustained higher maximum core temperatures (ie., flame incineration for 5 
and 8 minutes and thermal incineration at 600 ºF for 8 minutes) visually appeared to be 
dryer and more granular compared to organs from lower maximum core temperatures 
which were wet and supple.  We were unable to confirm that a shift in body water or 
dehydration occurred in organs from higher core temperatures even though the physical 
appearance would suggest a loss of water content.  Unlike organ weights, shin bone 
weights were not altered by the burn injury produced in our experiment even in the most 
extreme temperatures. 
Our burn models using a SD rat provided a simulated representation of a 
residential house fire.  The flame incineration experiment reached ambient temperatures 
similar to a two-story house fire and the SD rat provided a model to determine if degrees 
of burn injury effected the ethanol and EtG concentrations in 3 different organs.  The 
tissue concentrations, shin bone weights, and core body temperatures were measured to 
help determine a cause of analyte concentration change due to burn injury.  We 
concluded from previous research that blood ethanol concentrations are not altered by 
burn injury from heat and/or flame but EtG concentrations were altered.  Severely burned 
corpses can have lost of epidermal integrity and postmortem blood maybe unavailable at 
autopsy.  Liver, kidney and heart were collected from the burn experiment to determine if 
there was a change in tissue ethanol and EtG concentrations.  Overall, organ ethanol 
concentrations in the highest maximum core temperature group were increased compared 
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to non-burned controls.   Ethanol and EtG concentrations were altered at all 3 core 
temperature groups thus there were no correlation to the changes in analyte concentration 
and maximum core temperature.  The organ weights of the burnt corpses were usually 
decreased and did not correlate to analyte concentrations or maximum core body 
temperature.  Our burn experiments using a rodent model suggest that caution should be 
used when predicting ethanol impairment from postmortem fire victim tissue ethanol and 
EtG concentrations because ethanol and EtG concentrations maybe altered from burn 
injury.   
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CONCLUSION 
 We investigated the effect of burn injury on ethanol and EtG concentrations in the 
liver, kidney and heart using a rodent model.  Ethanol and EtG concentrations were 
altered from below 100ºF to over 150ºF maximum core body temperatures but no 
correlation existed between maximum core body temperature and a change in analyte 
concentration.  We found a change in organ weight did not correlate to a change in 
ethanol or EtG concentrations.  Organ ethanol concentrations at the higher maximum 
core body temperature were more frequently increased compared to other lower core 
body temperatures.  Our data suggests that there is a correlation between higher 
maximum core body temperatures and an increase organ analyte concentration. The gold 
standard for determining ethanol impairment is still blood ethanol concentration and in 
cases where postmortem blood is unavailable, the forensic toxicologist should be wary of 
relying solely on only one tissue ethanol concentration due to the possibility of elevated 
tissue ethanol concentrations.  
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ABSTRACT 
Changes in postmortem biochemistry make interpreting toxicology results difficult when 
attempting to predict antemortem concentrations.  Blood glucose concentrations are 
known to rapidly decrease in the hours following death; however, postmortem vitreous 
humor glucose concentrations are stable and can be use to determine if hyperglycemia 
was a factor in the decedent.  Our study used this endogenous biomarker and compared 
pre and post-incineration blood glucose concentrations in an attempt to determine the 
mechanism for alteration of ethanol and ethyl glucuronide concentrations in the blood 
from fire victims.  A point of care blood glucose monitor was used to determined pre and 
post-incineration glucose concentrations in our rodent model.  We found that blood 
glucose is not a good endogenous biomarker to determine changes in fluids from burn 
victims and blood glucose is significantly elevated in the Sprague Dawley rats that have 
excessive burn injury. 
 
 
Keywords: Forensic Science, Forensic Toxicology, blood, burn injury, glucose, 
postmortem 
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INTRODUCTION 
Postmortem fluids (ie., blood and vitreous) are toxicologically analyzed in an attempt to 
accurately determine a cause of death.  Untreated diabetes mellitus can result in 
hyperglycemia and death.  The literature has established that postmortem blood glucose 
is an unreliable measurement to determine antemortem glucose concentrations [1, 2].  
Many postmortem factors can alter blood glucose concentrations including liver 
glycogenolysis, bacterial breakdown of carbohydrates in the gastrointestinal tract and in 
the tissues, oxidative glycolysis by cells still living, and anaerobic glycolysis by dying 
cells, free enzymes and bacteria [2]. Fekete and Kerenyi concluded that postmortem 
glycolysis can occur rapidly causing extremely low glucose concentrations several hours 
after death [2].  The literature also suggests that intestinal bacteria invades the dead tissue 
three to four hours after death at room temperatures and elevates blood glucose by 
bacterial glycogenolysis [2-4].   The Federal Aviation Administration (FAA) Civil 
Aerospace Medical Institute (CAMI) analyzes blood hemoglobin A1C (HBA1C), vitreous 
humor and urine glucose from pilot fatalities to determine whether hyperglycemia-
induced performance impairment was the probable cause or a contributory factor in 
crashes [5].   Due to the lack of normal postmortem values for blood glucose, vitreous 
humor glucose and HBA1C are commonly used to determine hyperglycemic events in 
fatalities.  Corpses are refrigerated until autopsy to slow the changes that begin to occur 
after death. 
 We intended to use blood glucose as an endogenous biomarker to determine 
volume or concentration changes in bodily fluids after varying degrees of burn injury.  
Pre and post-incineration blood glucoses were compared in burn experiments in an effort 
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to help define changes in fluid volumes which could explain changes in ethanol and ethyl 
glucuronide (EtG) concentrations.  Our study used the Sprague Dawely (SD) rodent in 
the flame and heat burn model to mimic residential house fires.  The burnt rodent corpses 
were placed in the cold room following injury to mimic actual postmortem practices and 
to ensure that the contamination from bacteria was minimal.  These experiments were 
conducted to determine if blood glucose concentrations were altered after sustaining burn 
injuries. 
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MATERIAL AND METHODS 
 Study Protocol 
  Male SD rats (Harlan, Dublin, VA) weighing between 225-249 grams were 
chosen for the burn injury experiment. This was the minimal body size needed for 
collection of adequate blood specimen for ethanol and EtG analysis.  All experimental 
protocols were approved by the East Tennessee State University Animal Care 
Committee.  
Instrumentation 
Pre-incineration and post-incineration blood was analyzed for blood glucose 
concentrations according to Relion Ultima glucose meter specifications (Seimens).  The 
limit of quanititation (LOQ) is 20 mg/dL with a quantitation range for normal fasted rat 
glucose concentrations of 50-135 mg/dL. 
Calculations and Statistics 
The Relion Ultima glucose meter was standardized and calibrated using the 
calibrator and directions provided with the device. Descriptive statistics of blood glucose 
concentrations were calculated using GraphPad Prism 5 (La Jolla, CA).  Paired T-tests 
(ρ< 0.05) were performed to compare relationships between pre-incineration and post-
incineration blood glucose using Mini-tab (State College, PA).  One-way analysis of 
variance was performed to compare blood glucose concentration between burn 
experiment groups using Minitab (State College, PA). Data that was determined to have 
difference was analyzed by Fishers Least Significant Difference test (ρ < 0.05) using 
Minitab. 
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Experimentation 
Pre-Incineration 
All animals were fasted for 24 hours before ethanol gavage.  One hundred twenty 
six (n=9 per group) male rats were gavaged orally with 4 g/kg of ethanol then placed in 
metabolic cages for three hours until euthanization.  Eighteen (n=9 per group) rats were 
not dosed with ethanol as burn experiment controls. Pre- and post-collection of the 
controls did not deviate from other burn experiment groups.  Pre-incineration blood was 
collected immediately after carbon dioxide inhalation euthanization with a 3 mL syringe 
containing heparin anticoagulant (catalog no: H19, Fisher Scientific, Waltham, PA) then 
stored in sodium fluoride vacutainer tubes (catalog no: 02-688-47, Fisher Scientific, 
Waltham, PA) at 2-8ºC.  Pre-incineration blood from the syringe was measured for 
glucose concentration using the Relion meter and strips.  
 Burn Injury Models 
 Rat corpses were incinerated using two incendiary models, a fire pit and gas grill.  
The fire pit and gas grill burn injury experiments each have two control groups, one 
group was be given ethanol then allowed to remain at room temperature until post-
collection, the second group was not be administered ethanol then subjected to burn 
injury for 5 minutes from the either a fire pit or a gas grill.  After pre-incineration blood 
collection, the flame incineration experimental groups were placed in the supine position 
directly into the flames of a fire pit using a grill basket for one of the following durations: 
2, 5, or 8 minutes. Thermal incineration experimental groups were place in the supine 
position at 200, 400 or 600ºF for 2, 5, or 8 minutes (total 9 groups) on a gas grill without 
contact of the flames.  The core body temperature and maximum core body temperature 
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were monitored by a probe from a dual thermometer (Easyview Series Type K Dual Input 
thermometer with beaded wire type K temperature probe, Extech Instruments) inserted 2 
½ inches into the rectum of each rat prior to the burn experiment and remained until post-
incineration collection.  Core body temperature was collected following pre-incineration 
collection and maximum core body temperature was the highest temperature from the 
burnt corpse after burn injury. Burnt corpses were then placed in a cold room (@ 4ºF) 
until the core body temperature reached 50ºF.  Burn experiment groups were organized 
by maximum core temperature into a low (90-110⁰F), medium (111-129⁰F), and high 
(130-155⁰F) group. 
Post-Incineration Collection 
  Post-incineration blood was collected using a 3 mL syringe containing heparin 
anticoagulant then stored in sodium fluoride tubes.  All specimens were refrigerated at 2-
8ºC until analysis. Post-incineration blood from the syringe was measured for glucose 
concentrations using the Relion meter and strips.  Blood glucose concentrations below 
the LOQ (20 mg/dL) were recorded as 19 mg/dL due to the limit of detection of our 
instrument. 
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RESULTS 
Core Body Temperatures 
 Burn experiment groups were organized into maximum core body temperature 
groups given in Table 6.1 and divided into 3 maximum core body temperature groups to 
include temperatures of 90 to 155⁰F.  A higher maximum core temperature was observed 
when corpses sustained hotter and longer flame and/or thermal burn injury. 
TABLE 6.1- Maximum Core Body Temperature Groups 
 
Group Level  Temperature Range (ºF) Experimental Burn Groups 
 
Low 90-110   Flame incineration for 2 minutes, 
Thermal incineration at 200ºF for  
  2, 5, and 8 minutes, thermal   
  incineration 400ºF for 2 
minutes 
 
Medium 111-129  Thermal incineration at 400ºF for 5  
   and 8 minutes, thermal incineration  
   at 600 ºF at 2 and 5 minutes 
 
High    130-155  Flame incineration for 5 and 8  
       minutes, thermal incineration at  
       600ºF for 8 minutes  
 
Blood Glucose  
 Pre-incineration and post-incineration blood glucose concentrations are depicted 
in Figures 6.1 and 6.2 for flame and thermal incineration.  Post-incineration blood 
glucose concentrations were increased after flame incineration for 8 minutes and thermal 
incineration at 600⁰F for 8 minutes.  These groups have the highest maximum core body 
temperatures.  Flame incineration for 5 minutes decreased post-incineration blood 
glucose compared to pre-incineration concentrations but was significantly greater than 
post-incineration blood glucose concentrations with shorter time durations.  Post-
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incineration blood glucose concentrations for flame incineration for 5 minutes, flame 
incineration control, thermal incineration at 400⁰F for 8 minutes, and 600⁰F for 5 minutes 
decreased compared to pre-incineration concentrations but did not decrease as 
significantly as other lower maximum core temperature groups.  These groups spanned 2 
maximum core body temperature groups, high and medium, but these groups’ maximum 
core body temperatures were less than the maximum core body temperatures from flame 
incineration for 8 minutes and thermal incineration at 600⁰F for 8 minutes. 
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DISCUSSION 
 Postmortem blood glucose concentrations have proved to be an unreliable 
measurement to determine hyperglycemia from untreated diabetes mellitus patients.  
Liver glycogenolysis and bacterial breakdown of carbohydrates in the gastrointestinal 
tract and in the tissue can raise postmortem blood glucose, whereas oxidative glycolysis 
by living cells and anaerobic glycolysis by dying cells, free enzymes, and bacteria can 
lower postmortem blood glucose [2].  Vitreous humor provides more reliable postmortem 
glucose concentrations compared to blood glucose concentrations [1].  Literature 
suggests that bacterial glycogenolysis from intestinal bacteria invasion can occur three to 
four hours after death at room temperature [2].  To slow the bacterial contamination, 
corpses are refrigerated prior to autopsy. 
 We intended to use blood glucose as an endogenous biomarker to determine a 
mechanism by which the blood ethanol and EtG concentrations were altered in corpses 
exposed to excessive thermal and/or flame burn injury [6].  Despite refrigeration and the 
short duration from death to necropsy, blood glucose concentrations were altered in burn 
experiment and room temperature control groups.  Maximum core body temperatures 
were collected by a rectal probe in an effort to determine if core body temperatures were 
correlated to volume and concentration changes in body fluids.  The literature does not 
address changes in blood glucose due to burn injury thus the goal of this paper is to report 
the observed changes in blood glucose following burn injury that mimics a residential 
house fire.   
 A change in blood chemistry begins when there is a loss of oxygen-carrying 
capacity in the blood.  The hypoxia causes a loss of oxidative phosphorylation capacity 
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and stops the synthesis of adenosine triphosphate (ATP) by the aerobic pathway which 
induces an increased rate of anaerobic glycolysis to provide the cells with energy.  The 
glycogen is depleted by the anaerobic process resulting in a decrease in pH due to the 
accumulation of lactic acid and inorganic phosphates [7].  Bate-Smith and Bendall (1949) 
found that a pH value of 5.3 appeared to be the limiting value and below this value 
glycoloysis would be completely inhibited [8].  Hamilton-Paterson and Johnson (1940) 
reported that blood glucose may increase in right heart blood probably due to hepatic 
glycogenlysis [3].   
 The thermal incineration burn experiment had maximum core body temperatures 
ranging from 90⁰F for the thermal incineration room temperature control to 151⁰F for 
thermal incineration at 600⁰F for 8 minutes.  The post-incineration blood glucose 
concentration significantly decreased in all of the thermal incineration experimental 
groups except thermal incineration group at 600ºF for 8 minutes.  Maximum core body 
temperatures for flame incineration for 8 minutes and non-dose flame incineration control 
(Con FI) reached the hottest core temperatures at 149 and 139⁰F.  We found that the post-
incineration blood glucose concentrations did not change for these high maximum core 
body temperature groups.  Other flame incineration experimental groups in the low and 
medium maximum core temperatures had a significant decrease in post-incineration 
blood glucose compared to pre-incineration blood glucose concentrations.  Glucose 
concentrations were altered in the majority of burn experiment groups despite the short 
duration between death, post-incineration collection, and refrigeration thus we concluded 
that postmortem blood glucose would not be a good endogenous biomarker to determine 
any volume or concentration changes in body fluids from burn injury victims.   
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 The burn injury sustained in the thermal incineration experiments significantly 
increased the post-incineration blood glucose concentration after thermal incineration at 
600⁰F for 8 minutes compared to other experimental groups.  Post-incineration blood 
glucose concentrations for the thermal incineration groups at 400⁰F for 8 minutes and 
600⁰F for 5 minutes were significantly greater than other blood glucose concentrations 
for thermal incineration groups with lower maximum core body temperatures.   Cells and 
bacteria in the thermal incineration and lower maximum core body temperatures from the 
flame incineration still seem to be undergoing glycoloysis in the period between death, 
burn injury and post-incineration collection consequently decreasing blood glucose 
concentrations.  Blood glucose concentrations in some of these groups were decreased in 
a matter of hours to below the LOQ of the glucose meter.   
 The burn injury produced by the flame and heat in longer duration burn 
experiments did not alter blood glucose despite similar maximum core body temperature 
between flame and thermal incineration groups (flame incineration for 8 minutes, 149⁰F; 
control flame incineration, 139⁰F; and thermal incineration at 600ºF for 8 minutes, 
151⁰F).  The statistical analysis indicates that there is a decrease in the change of post-
incineration blood glucose as the maximum core body temperature is increased by burn 
injury.  Flame incineration for 8 and 5 minutes, flame incineration control, thermal 
incineration at 600ºF for 5 and 8 minutes and thermal incineration control all experienced 
a decrease in blood glucose change compared to other lower maximum core temperature 
groups. These groups were among the higher maximum core temperature groups.  Our 
study suggests that the burn injury produced by the excessive flame and heat at longer 
durations influences blood glucose concentrations and is not solely based on maximum 
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core temperatures.  Several factors that may have reduced the decrease in blood glucose 
are the invasion of bacteria from the intestinal tract, lost of body fluids, and a rapid 
decrease in pH.  The raw data from flame incineration for 8 minutes suggests that post-
incineration blood glucose increased in some corpses even though statistically no 
significant increase was noticed.  Post-incineration blood glucose concentrations 
increased as much as 40 mg/dL.  The loss of integrity of the corpse by excessive burn 
injury may have caused an accelerated invasion of bacteria from the intestinal tract.  The 
diaphragm remained intact in the flame incineration for 8 minutes corpses; however, fluid 
was present in the abdominal area during necropsy for post-incineration specimen 
collection.  We are unsure if the internal pressure produced by the increase in core 
temperature caused a shift in fluids, thus potentially shifting blood from the abdomen 
area to the thoracic cavity.  The blood from the abdominal area may cause an accelerated 
bacterial invasion and increased the breakdown of carbohydrates thus elevating the blood 
glucose concentrations.  Post-incineration blood ethanol concentrations were not 
increased after burn injury and we did not observe any falsely elevated blood ethanol 
concentrations due to microbial production [6].  The excessive burn injury in theory 
decreased the volume of distribution in the corpse after excessive burn injury potentially 
causing a concentrating effect in the blood.  The post-incineration blood glucose may be 
concentrated due to the loss of bodily fluids.  In a previous study, pre and post-
incineration organ weights were compared to help determine if a loss of body fluids 
and/or a shift in water content occurred [9].  We were unable to confirm any changes in 
biological pathology due to burn injury by these measurements. 
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CONCLUSION 
 Literature reports that blood glucose concentration can be increased or decreased 
in postmortem blood and is an unreliable specimen for determination of antemortem 
hyperglycemia at death.  Our study is consistent with these findings despite proper 
storage and a short duration from the time of death to necropsy after excessive burn 
injury.  We observed that the excessive burn injury from flame and heat does not alter the 
blood glucose in post-incineration blood as seen in other burn and control groups.  Our 
data suggests that changes in post-incineration blood glucose are correlated to maximum 
core body temperature and postmortem biological changes that occur cause a discrepancy 
between non-fire and fire victims.  Postmortem vitreous humor is still the specimen of 
choice for glucose analysis to determine if diabetes mellitus was a potential cause or 
factor in death.  
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CHAPTER 7 
SUMMARY AND CONCLUSIONS 
 Alcohol is legal and the most abused drug in the United States.  Forensic 
laboratories frequently assay biological specimens to determine intoxication following 
the federal guidelines that defines an intoxicated person as someone with a blood alcohol 
concentration of 0.08 g% or greater.  Unfortunately, residential house fires are frequently 
associated with alcohol consumption which leaves forensic toxicologists to determine if 
the individuals were impaired by analysis of ethanol concentrations from the burnt 
corpses.  The literature does not address the possibility that blood ethanol concentrations 
could be altered in fire deaths.  Our goal was to use the rodent with two burn models to 
confirm or refute the current interpretation that antemortem ethanol concentrations are 
not altered by burn injury.   
 The minor non-volatile metabolite of ethanol, ethyl glucuronide (EtG), was 
included in the burn experiments due to the difference in physical chemical properties 
between ethanol and EtG.  Our preliminary studies investigated the detection and extent 
of biotransformation of a high oral ethanol dose to EtG in biological fluids using the 
rodent model.  We determined that ethanol was metabolized and biotransformed into EtG 
similar to other rodent studies as well as humans.  Our studies confirmed that the 
presence of EtG in biological specimens indicates ethanol consumption; however, 
impairment could not be extrapolated using biological EtG concentrations.  The rodent 
model proved to be a useful alternative model to investigate the biotransformation of 
ethanol to EtG. 
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 The two burn injury models were incorporated to mimic the conditions of 
residential house fires.  The time-temperature models were chosen to explore if any 
relationships exist between changes in pre and post-incineration ethanol and EtG 
concentrations, burn injuries, and core body temperature.  As expected, we observed a 
correlation between maximum core body temperatures and increased time and/or 
temperature of incineration.  We concluded that the physical appearance of burn injuries 
did not associate with the maximum core body temperature and is not the most accurate 
way to determine post-incineration internal pathology.  Blood ethanol concentrations 
were not altered by burn injuries produced using the burn models; however, despite EtG’s 
non-volatile properties, blood EtG concentrations were altered at all ranges of burn 
injuries and core temperatures.  Our study confirms that post-incineration heart blood 
ethanol concentrations are the most accurate post-incineration measure of pre-
incineration blood alcohol concentration and would be the best measurement to predict 
potential degree of impairment in the deceased.  The presence of EtG in the blood can 
still be a valuable measurement to confirm the consumption of ethanol prior to death and 
to determine whether any postmortem ethanol production was due to microbial 
contamination. 
 Postmortem blood is sometimes unavailable due to excessive burn injuries and in 
that case tissue can be analyzed for ethanol to help determine potential pre-incineration 
concentrations of ethanol.  Another reason tissue analyses and weights were included in 
our study was to help determine a mechanism by which the blood ethanol and EtG 
concentrations were altered by incineration.  We found that ethanol and EtG 
concentrations and organ weights for liver, kidney, and heart were altered by burn 
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injuries and that the changes in blood EtG concentrations and tissue ethanol and EtG 
concentrations were not correlated to changes in organ weights.  The data suggest that 
there is a correlation between higher maximum core body temperatures and an increased 
ethanol and EtG concentrations in some of the tissues.  The higher maximum core 
temperatures are more likely in residential house fires thus forensic toxicologists should 
be wary when analyzing ethanol concentration from post-incineration tissues. 
   Blood glucose, an endogenous non-volatile biomarker, was measured in an effort 
to determine the mechanism by which ethanol and EtG concentrations were altered.  The 
post-incineration blood glucose was decreased in non-burned controls and the majority of 
burn groups.  Three incineration groups from both burn injury models that had higher 
core body temperatures produced increased or unchanged blood glucose concentrations in 
post-incineration blood.  The post-incineration blood glucose concentrations from the 
burn experiments confirmed other studies which suggest that the determination of 
hyperglycemia by postmortem blood glucose is inaccurate compared to vitreous 
specimens.  Our burn experiments suggest that the analyte concentrations in the blood 
and tissues can be altered by burn injury but the mechanism by which the changes occur 
are still unknown.  
 The goal of our research, as define in our specific aims, was to determine if 
excessive burn injury can alter ethanol and EtG concentrations in biological specimens 
and determine the mechanism by which the change in analyte concentrations occur.  The 
information in this research investigates a deficiency in the literature which could cause 
toxicologists to misinterpret the degree of ethanol impairment based on altered post-
incineration blood ethanol concentrations.  Our study supports the current interpretation 
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that post-incineration heart blood ethanol concentrations are not altered by excessive burn 
injury.  However, we found that caution should be used when extrapolating impairment 
from tissue ethanol concentrations.  Ethanol and EtG concentrations were altered at all 
maximum core temperature groups, however, no correlation could be established between 
core body temperature and change in analyte concentrations.  We found a change in 
organ weight did not correlate to a change in ethanol or EtG concentrations.  Our research 
confirms that the analysis of post-incineration blood for ethanol is a reliable measurement 
to determine antemortem blood ethanol concentrations; however, caution should be taken 
when extrapolating impairment from the analysis of post-incinerated tissue ethanol 
concentrations. 
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APPENDIX 
Pictures from Burn Experiments 
   
A. Before Flame Incineration   B. Fire Pit used for Flame Incineration 
   
C. After Flame Incineration   D. Flame incineration for 8 minutes 
   
E. Flame Incineration for 5 minutes  F. Flame incineration for 2 minutes 
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G. Flame incineration Control  H. Thermal Incineration  
      at 200⁰F for 2 minutes 
 
   
I. Thermal Incineration    J. Thermal Incineration  
at 200⁰F for 5 minutes   at 200⁰F for 5 minutes 
 
   
 
K. Thermal Incineration   L. Thermal Incineration 
at 400⁰F for 2 minutes   at 400⁰F for 5 minutes 
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M. Thermal Incineration   N. Thermal Incineration 
at 400⁰F for 8 minutes   at 600⁰F for 2 minutes 
 
   
 
O. Thermal Incineration   P. Thermal Incineration 
at 600⁰F for 5 minutes   at 600⁰F for 8 minutes 
 
 
 
Q. Thermal Incineration Control 
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